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ABSTRACT
R e s p i r a t o r y ,  p o t e n t i o m e t r i c  and e n z y m a t i c  data have 
been s t u d i e d  w i t h  r e s p e c t  to f o r m a t i o n  of 5 - h y d r o x y t r y p t a ­
m i n e  in p r e c l i m a c t e r i c ,  c l i m a c t e r i c  and p o s t c l i m a c t e r i c  
b a n a n a s  (Musa c a v e n d i s h i i ).
C o l o r i m e t r i c ,  f l u o r o m e t r i c  and c h r o m a t o g r a p h i c  
a n a l y s e s  have been e m p l o y e d  to a ssess  the a n a l o g y  b e t w e e n  
n a t u r a l l y  o c c u r r i n g  b a n a n a  5 - h y d r o x y t r y p t a m i n e  and s t a n ­
d a r d s  of 5 - h y d r o x y t r y p t a m i n e  as the c r e a t i n i n e  s u l f a t e  
complex.
C u r r e n t  a n a l yt i c a l  p r o c e d u r e s  a p p l i e d  to b anana 
p r o d u c t s  ( I n c l u d i n g  14 b a b y  foods) y i e l d e d  r e s u lt s  c o m ­
p a r a b l e  to those o b t a i n e d  f r o m  a n a l y s e s  of the pulp in 
full ripe fruit. C o m p a r i s o n  b e t w e e n  c o l o r i m e t r i c  and 
f l u o r o m e t r i c  data  e x h i b i t e d  a high r e g r e s s i o n  c o e f f i c i e n t  
(r = 0.99). The f l u o r o m e t r i c  m e t h o d  was s i m p l e r  and m o r e  
r a p i d  than the c o l o r i m e t r i c .
E f f e ct s  of h y d r o g e n  1on a c t i v i t y  and o xyg en u p t a k e  
on 5 - h y d r o x y t r y p t a m i n e  w e r e  e x a m i n e d  by m e a n s  of p r o g r a m m e d  
m u l t i p l e  r e g r e s s i o n  a n a l y s e s  of 5- h y d r o x y t r y p t a m i n e  f o r m a ­
tion, u g / g ,  on the c o r r e s p o n d i n g  da i l y  pH v alues and 
a c c u m u l a t e d  v o l u m e s  of o x y g e n  u ptake. R e g r e s s i o n  a n a l ys e s  
i n c l u d e d  l i n e a r  and q u a d r a t i c  r e l a t i o n s h i p s  of a c c u m u l a t e d
x
2d a i l y  o x y g e n  u p t a ke  (V and V ), and d a i l y  pH v a l u e s  (pH
oand (pH) ). For b a n a n a  peel the c o m b i n e d  e f f e c t  of two 
v a r i a b l e s  (V and (pH) ) a c c o u n t e d  for 98.1 p e r c e n t  of the
v a r i a t i o n s  in 5 - h y d r o x y t r y p t a m i n e  values. For b a n a na  pulp
2 2the c o m b i n e d  e f f e c t  of three v a r i a b l e s  (V, V and (pH) ) 
a c c o u n t e d  for 8 4 . 2  percent. E q u a t i o n s  r e p r e s e n t i n g  these 
f u n c t i o n s  w o u l d  s u g g e s t  the p r e s e n c e  of m o r e  n u m e r o u s  f a c ­
tors in the p u l p  w i t h  r e s p e c t  to the peel, and i n d i c a t e  
areas for f u r t h e r  i n v e s t i g a t i o n s .  S i m p l e  l a b o r a t o r y  data 
d e m o n s t r a t e d  a p r e d o m i n a n c e  of 5 - h y d r o x y t r y p t a m i n e  f o r m a ­
tion in the p u l p  o v e r  the peel d u r i n g  p r e c l i m a c t e r i c  c o n ­
d i t i o n s ,  in c o n t r a s t  with a p r e d o m i n a n c e  in the peel 
d u r i n g  c l i m a c t e r i c  and p o s t c l i m a c t e r i c  states. T he h i g h ­
est v alues w e r e  o b s e r v e d  in the d e s i c c a t e d  f r u i t  in a s s o ­
c i a t i o n  w ith a s c e n d i n g  p o t e n t l o m e t r i c  r e a d i n g s  and p o s i t i v e  
tests for the p r e s e n c e  of a l k a lo i d s .
C a t a l y t i c  a c t i v i t y  of the cell p a r t i c u l a t e  f r a c ­
tions fro m b a n a n a  peel and pulp u s i n g  5- h y d r o x y t r y p t a m i n e  
and 4 - h y d r o x y p h e n e t h y l a m i n e  as s u b s t r a t e s  r e v e a l e d  s l i g h t  
v a r i a t i o n s  in p r e c l i m a c t e r i c , c l i m a c t e r i c ,  and p o s t c l i m a c ­
t e r i c  s t a t es  as well as in the p r e s e n c e  of r i p e n i n g  
s t imuli . The a m i n e  o x i d a s e  a c t i v i t y ,  m e a s u r e d  by I n c r e a s e d  
o x y g e n  u p t a k e  and Initial r a t e  of o x i d a t i o n ,  did no t s h o w  
m a r k e d  c a t a l y t i c  a c t i o n  on p r i m a r y  amines. The s u b s t r a t e  
p r o f i l e  t h a t  was d e v e l o p e d  d id n ot i n d i c a t e  if c h a n g e s  
o c c u r r e d  in the p r o p e r t i e s  of the e n z y m e  or in the c a t a ­
lytic a c t i v i t y  Itself.
xi
R e s u l t s  f r o m  a n a l y s i s  of v a r i a n c e  on data  f r o m  peel 
and pulp of b a n a n a  I n h i b i t e d  1n v i v o  by m o n o a m i n e  o x i d a s e  
I n h i b i t o r s ,  r e v e a l e d  that I s o c a r b o x a z i d  1n 50 and 100 mg/ 
100 ml c o n c e n t r a t i o n s  was a s s o c i a t e d  w i t h  g r e a t e r  am o u nt s  
of 5 - h y d r o x y t r y p t a m i n e  in pulp than in peel. C o n c e n t r a ­
tions of 75 m g / 1 0 0  ml of p h e n e l z i n e  and 10 m g / 1 0 0  ml of 
i s o c a r b o x a z i d  w e r e  a l m o s t  i d e n ti c a l  in t h e i r  p r o p o r t i o n a t e ,  
as well as a b s o l u t e ,  e f f e c t s  on i n c r e a s i n g  m e a n  5 - h y d r o x y -  
t r y p t a m i n e  v a l u e s  in peel and pulp. T r a n y l c y p r o m i n e ,  in 
c o n c e n t r a t i o n s  of 50, 100, 200 m g / 1 0 0  ml, was a s s o c i a t e d  
with m u c h  g r e a t e r  p r o d u c t i o n  of 5 - h y d r o x y t r y p t a m i n e  in 
peel than 1n pulp; at a c o n c e n t r a t i o n  of 200 m g /100 ml, 
this I n h i b i t o r  gave a 9 - f o l d  i n c r e a s e  in peel 5 - h y d r o x y ­
t r y p t a m i n e  c o m p a r e d  w i t h  the u n t r e a t e d  cont rol. Ethyl 
alcohol also g r e a t l y  I n c r e a s e d  the p r o d u c t i o n  of
5 - h y d r o x y t r y p t a m i n e  in peel.
xi 1
I N T R O D U C T I O N
I N T R O D U C T I O N
T o d a y ,  c o n s u m e r  a t t e n t i o n  1s f o c u s e d  u pon food 
safety. Pers on n e l  of r e g u l a t o r y  a g e n c i e s  have e x p a n d e d  
th e i r  l a b o r a t o r y  f a c i l i t i e s  and r e s e a r c h  c a p a b i l i t i e s  to 
i n v e s t i g a t e  the m a n y  u n k n o w n  c o m p o u n d s  w h i c h  e x i s t  in our 
food s u p p l i e s .  This p r o j e c t  is d e s i g n e d  to se rve as a 
c o n t r i b u t i o n  to this r e s e r v o i r  of k n o w l e d g e  1n food 
p h a r m a c o l o g y ,  t o x i c o l o g y  and b i o c h e m i s t r y .
M a n y  food s a p p a r e n t l y  w h o l e s o m e  and h ea lthful  c o n ­
tain n a t u r a l l y  o c c u r r i n g  s u b s t a n c e s  w h i c h  ha ve u n d e s i r a b l e  
e f f e c t s  on humans and ani m al s .  The I n g e s t i o n  of these 
foods can  bring a b o u t  t o x i c  s y m p t o m s  w h i c h  m a y  b e c o m e  
e v i d e n t  in the f o r m  of a s p e c i f l c  a c u t e  r e a c t i o n s ,  such as 
in the c a s e  of I n b o rn  i n t o l e r a n c e s  in h y p e r s e n s t l t i v e  i n d i ­
v i d u a l s ,  or they can m a n i f e s t  t h e i r  p r e s e n c e  t h r o u g h  well 
c h a r a c t e r i z e d  c l i n ic a l  s y n d r o m e s ,  as in i n s t a n c e s  of m u s h ­
room p o i s o n i n g ,  s kelet al d e f o r m i t i e s ,  a o r t i c  r u p t u r e s ,  and 
n e o p l a s t i c  p h e n om e n a .
F u r t h e r m o r e ,  e a r l y  1n the h i s t o r y  of s c i e n t i f i c  i n ­
v e s t i g a t i o n  of a l i m e n t s  1t was n o t i c e d  t h a t  c e r t a i n  foods 
c o n t a i n e d  small a m o u n t s  of m a t e r i a l s  w h o s e  e f f e c t s ,  a l ­
t h o u g h  n o t  p h y s i o l o g i c a l l y  t o x i c ,  w e r e  n e v e r t h e l e s s  i n t e r ­
f e r i n g  w i t h  the n u t r i t i o n a l  qua l it y .  T h e s e  f a c t o r s ,  t oday 
of p r i m a r y  c o n c e r n  to the n u t r i t i o n i s t ,  b e c a m e  known as 
c o - n u t r i e n t s ,  and i n c l u d e  s u b s t a n c e s  such as a n t i e n z y m e s ,
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a n t i v i t a m i n s ,  and e s t r o g e n s .
T h e i n t e r e s t  in n a t u r a l l y  o c c u r r i n g  t oxic f actors 
in food is as old as m e d i c i n e ,  and man  has le a r ne d  t hrough 
the y e a r s  the labori o u s  task of r e f r a i n i n g  f r o m  e dible s 
wh i c h,  by e x p e r i e n c e ,  c a u s e d  o b v i o u s  o b j e c t i o n a b l e  c o n s e ­
q u e n c e s  to his w e l l - b e i n g .  T o d a y  this p r o b l e m  b e c a m e  even 
m o r e  a r d u o u s  by the d i s c o v e r y  that the a m ounts  of the 
harmful s u b s t a n c e  c o n s u m e d  d a i l y  may be very m i n u t e ,  and 
no o b s e r v a b l e  p h y s i o l o g i c a l  e f f e c t  can be o b t a i n e d  from a 
s i n g le  intake. C o n s e q u e n t l y ,  careful s t u d ie s  are now d i ­
r e c t l y  aimed t ow ard the e v a l u a t i o n  of l o n g - t e r m  impact on 
ani m al s ,  and e x t r a p o l a t i o n  of results o b t a i n e d  in l a b o r a ­
tory a n i m al s  to those a n t i c i p a t e d  in man has b e c o me  the 
normal p r o c ed u r e .  In this m a n n e r ,  several toxic factors 
a l r e a d y  have been c h a r a c t e r i z e d .  M a n y  more, h owever, are 
still a w a i t i n g  basic b i o c h e m i c a l  and p h a r m a c o l o g i c a l  In­
v e s t i g a t i o n s  as well as e x t e n s i v e  e p i d e m i o l o g i c a l  studies. 
The task of a s c e r t a i n i n g  m o r e  c l e a r l y  and s y s t e m a t i c a l l y  
the role of f o o d - b o r n e  t o x i c a n t s  in human p a t h o l o g y  is of 
r e l a t i v e l y  r e c e n t  date.
A m i n e s  r e l a te d  to the c o m m o n  a r o m a t i c  a m i n o  acids 
t y r o s i n e ,  h i s t id i n e ,  and t r y p t o p h a n ,  in c l ud e  m a n y  of the 
m o s t  p h y s i o l o g i c a l l y  a c t i v e  c o m p o u n d s  in the animal body. 
H i s t a m i n e ,  t r y p t a m i n e ,  t y r a m i n e ,  and n o r e p i n e p h r i n e  are 
known exam pl e s .  T h e s e  a m i n e s  are f o r m e d  in the animal and 
p l a n t  ti s s ue s  when the c o r r e s p o n d i n g  a m i n o  acids are de- 
c a r b o x y l a t e d  by e n d o g e n o u s  e n z y m e s  d u r i ng  life, or by
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bacterial o r i g i n  a f t e r  death.
The o c c u r r e n c e  of a u t o c o l d s  In p lan ts, and the 
r e c e n t  s u c c e s s f u l  p r e p a r a t i o n  of e n z y m a t i c a l l y  a c t i v e  e x ­
t r acts of a m i n e  o x i d a s e s  f r o m  pl a n t  t is s ue s ,  were i n i t i a l l y  
a c c e p t e d  w i t h  s k e p t i c i s m ,  s i n c e  thes e f i n d i n g s  w e r e  r e ­
p l acing  old c o n c e p t s  l i m i t i n g  s u c h ' s u b s t a n c e s  e x c l u s i v e l y  
to the a nimal orga ni s m .  H o w e ve r ,  the b i o c h e m i c a l  s i g n i f i ­
c a n c e  of t h e s e  a r y l a l k y l a m i n e s  in plants, and the f u n c ­
tional m e a n i n g  of their d e g r a d a t i v e  e n z y m a t i c  s y s t e m s  are 
far f r o m  being u n d e r s t o o d .  The p o s s i b i l i t y  that t h e y  may 
play an i m p o r t a n t  role in the s y n t h e s i s  of m o r e  c o m p l e x  
c o m p o u n d s  a p p e a r s  to be an a c c e p t e d  w o r k i n g  h y p o th e s i s .
It is now well e s t a b l i s h e d  that m a n y  e d i b l e  fruits 
and v e g e t a b l e s  c o n t a i n  l a r g e  c o n c e n t r a t i o n s  of a r y l a l k y l -  
a m i n es  (Strong, 1966a). The q u a n t i t i e s  e n c o u n t e r e d  are 
c o m p a r a b l e  to the a m o u n t s  g e n e r a l l y  found in foods p r o ­
d u c e d  by b a c t e r i a l  or y e a s t  f e r m e n t a t i o n ,  such as m a n y  
ch e e se  p r o d u c t s  and a l c o h o l i c  bevera g e s .  T he risk posed 
by i n g e s t i o n  of these  p r o d u c t s  1s d e p e n d e n t  on the a m o u n t  
c o n s u m e d  and on the e f f i c i e n c y  of the d e t o x i f y i n g  sy s t em s 
of the o r g a n i s m .  U n d o u b t e d l y ,  the d i r e c t  s y s t e m i c  i n t r o ­
d u c t i o n  of such q u a n t i t i e s  of 5 - h y d r o x y t r y p t a m i n e  and 
n o r e p i n e p h r i n e  as w o u l d  be o b t a i n e d  by the c o n s u m p t i o n  of 
normal a m o u n t s  of b a n a n a  or p i n e a p p l e  w o u l d  have r a t h e r  
c a t a s t r o p h i c  c o n s e q u e n c e s .  The p o s s i b l e  h a z a rd s  p r e s e n t e d  
by t h e s e  foods are d r a m a t i c a l l y  i n d i c a t e d  by r e c e n t  r e ­
ports of p a r o x y s m a l  h y p e r t e n s i o n  f o l l o w i n g  in t a ke  of foods
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r i ch in a r y l a l k y l a m l n e s  by p e r s o n s  r e c e i v i n g  m o n o a m i n e  
o x i d a s e  i n h i b i t o r s  ( N u t r i t i o n  Rev i ew s ,  1965).
A m o n g  e d i b l e  p lants so far s t u d ie d ,  the b an ana 
ranks high in c o n t e n t  of 5 - h y d r o x y t r y p t a m i n e  (serot o n i n ) ,  
3 , 4 - d i h y d r o x y p h e n y l e t h y l a m i n e  ( d o p a m i n e ) ,  and 3 , 4 - d i h y -  
d r o x y b e n z y l m e t h y l a m l n e  ( n o r e p i n e p h r i n e ) .  It is, however, 
b e l i e v e d  that u n d e r  normal c o n d i t i o n s  the i n t a ke  of these 
p o t e n t  p h a r m a c o l o g i c a l  a g e n t s  c o n t a i n e d  in f r u i t  do not 
p r o d u c e  toxic p r o d r o m e s  ( U d e nf r i e n d ,  1970). T h e i r  e f f e c t  
was e x t e n s i v e l y  i n v e s t i g a t e d  only w i t h  r e g a r d  to e r r o n e o u s  
d i a g n o s i s :  the c o n t r i b u t i o n  to u r i n a r y  m e t a b o l i t e s  by
s e r o t o n i n  and n o r e p i n e p h r i n e  f r o m  a d i e t  c o n t a i n i n g  b a n a n a s  
m a y  be s u f f i c i e n t  to c a u s e  a f a l s e  l a b o r a t o r y  d i f f e r e n t i a l  
r e c o g n i t i o n  of e i t h e r  c a r c i n o i d  t u m o r  or p h e o c h r o m o c y t o m a . 
In s p i t e  of the b a n a n a  b e i n g  g e n e r a l l y  a c c e p t e d  as a safe 
food, e x t e n s i v e  s t u d i e s  of the p e r t i n e n t  l i t e r a t u r e  reveal 
a g r e a t  deal of c o n t r o v e r s i a l  opinio n s .  T h e s e  seem 
e q u a l l y  b a l a n c e d  b e t w e e n  h armful r e p o r t s  and t h e r a p e u t i c  
r e s u lt s ,  thus o n e  m i g h t  well s p e c u l a t e  a b o u t  w h e t h e r  so 
d i v e r g e n t l y  o b s e r v e d  e f f e c t s  m a y  be du e to the p r e s e n c e  of 
p h a r m a c o l o g i c a l l y  a c t i v e  amines.
It 1s p r o b a b l e  t h a t  the list of p h y s i o l o g i c a l l y  i m ­
p o r t a n t  c o m p o u n d s  in f o o d s  li ke b a n a n a s  will not be 
l i m i t e d  to the h y d r o x y l n d o l e s  and c a t e c h o l a m i n e s .  The 
c h e m i s t r y  of n atural p r o d u c t s  is c o n t i n u a l l y  d i s c l o s i n g  
new e n t i t l e s  t h r o u g h  e l a b o r a t i o n  of m o r e  p a r t i c u l a r i z e d  
m e t h o d s  of c h a r a c t e r i z a t i o n .  S i m u l t a n e o u s l y ,  the s t u d y  of
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b i o c h e m i c a l  m e c h a n i s m s  i n v o l v e d  in f o r m a t i o n  and m e t a b o ­
lism of  a m i n e s  in plants, and c o m p a r i s o n  w i t h  s y s t em s  
found in animal t is s ue s ,  are of r e c i p r o c a l  help in d i s ­
c e r n i n g  the real i m p o r t a n c e  of the p h y s i o l o g i c a l l y  a c t i v e  
amines. The practical t a r g e t  of this k n o w l e d g e  is o b v i ou s ,  
si n c e  we will i n c r e a s i n g l y  d e p e n d  on p lants to s a t i s f y  our 
n u t r i t i o n a l  r e q u i r e m e n t s .
Fin a ll y ,  it is of i n t e r e s t  to o b s e r v e  that  a l t h o u g h  
the p r e s e n c e  of b i o g e n i c  a m i n e s  in f o o d s t u f f s  has been 
n o t i c e d  for some time, a w a r e n e s s  of t h e i r  potent i a l  e f f e c t s  
o n l y  b e c a m e  a p p a r e n t  a f t e r  m o n o a m i n e  o x i d a s e  i n h i b i t o r s  
w e r e  c u r r e n t l y  i n t r o d u c e d  into cli n ic a l  p ractice. "An 
i m p o r t a n t  and i n t e r e s t i n g  p h a r m a c e u t i c a l  a d v a n c e  has b een 
m a d e  by w o r k e r s  I n v e s t i g a t i n g  the p r o f o u n d  e f f e c t  of m a n y  
a m i n e - c o n t a i n i n g  f o o d s t u f f s  w h e n  e a t e n  by p e r s o n s  t a k i ng  
m o n o a m i n e  o x i d a s e  i n h i b i t o r s "  ( E d i to r i a l ,  1965). W h a t  
I n i t i a l l y  s e e m e d  a c o m m o n  p r o b l e m  of f o o d - d r u g  i n t e r a c t i o n ,  
or a s i m p l e  m a t t e r  of m e d i c a l  c o n t r o - i n d i c a t i o n ,  has b e ­
come the o b j e c t  of i m p o r t a n t  I m p l i c a t i o n s  in food scienc e.
T h e  p u r p o s e  of this i n v e s t i g a t i o n  was to s t u d y  some 
a s p e c t s  of the p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  the f o r m a t i o n  
of 5 - h y d r o x y t r y p t a m i n e  and a m i n e  o x i d a s e s  in the banana. 
Some a t t e n t i o n  was g i v e n  a l s o  to the c o n t i n g e n t  biochemical 
f a t e s  of this c o m p o u n d  d u r i n g  a d v a n c e d  s t a g e s  o f s e n e s ­
c e n c e  of the fruit. R e c e n t  I n v e s t i g a t i o n s  by G o l d e n s t e i n  
and S w a i n  (1965) I n d i c a t e  t h a t  the o b s e r v e d  c h a n g e s  in 
t a n n i n s  are the r e s u l t  of p o l y m e r i z a t i o n .  C o n s e q u e n t l y ,
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the p o s s i b l e  s y n t h e s i s  by c o n d e n s a t i o n  Into c o m p l e x  a l k a ­
loids c a n n o t  e a s i l y  be r u l e d  out. Th e e x p e ri m e n t a l  o b j e c ­
ti v e s  were:
1. I s o l a t i o n  and partial q u a n t i t a t i o n  of 5 - h y d r o x y ­
t r y p t a m i n e  in the pulp and peel of b a n a n a s  in .dif­
f e r e n t  s t a g es  of p o s t - h a r v e s t  c o n d i t i o n s .  Several 
b a n a n a  p r o d u c t s  c o m m o n l y  f o u n d  in the m a r k e t  w e r e  
I n c l u d e d  as part of the q u a n t i t a t i o n .
2. C h a r a c t e r i z a t i o n  of the e f f i c i e n c y  of a m i n e  o x i d a s e  
s y s t e m s  and o t h e r  b i o c h e m i c a l  f a c t o r s  w ith r e s p e c t  
to the c o n t e n t  of 5 - h y d r o x y t r y p t a m i n e .
3. I n v e s t i g a t i o n  Into the a p p e a r a n c e  of c o m p l e x  c o m ­
p o unds w h i c h  could be of s i g n i f i c a n c e  1n the b i o ­
che m ic a l  r ole of 5 - h y d r o x y t r y p t a m i n e  in the banana.
E a c h  of t h e s e  o b j e c t i v e s  is f u r t h e r  d i s c u s s e d  in the 
R e v i e w  of L i t e r a t u r e  and E x p e r i m e n t a l  sections.
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R E V I E W  O F  L I T E R A T U R E
R E V I E W  OF L I T E R A T U R E
I . S c o p e
The l i t e r a t u r e  s e l e c t e d  s e r v es  to d i s c u s s  some a s ­
pects a s s o c i a t e d  with the s i g n i f i c a n c e  of p h y s i o l o g i c a l l y  
a c t i v e  a m i n es  in f o o d s t u f f s ,  w h i c h  are i m p o r t a n t  to the 
c o m p r e h e n s i o n  of the role of t h e s e  a m i n e s  in the b anana
c o n s i d e r e d  both as a f o o d  and as a p l a n t  tissue. P e r t i ­
n e n t  r e p o r t s  d e a l i n g  w i t h  the m e t a b o l i s m  and o c c u r r e n c e  of
a m i n e s  in the animal body are a lso i ncl uded.  S i n c e  m o s t
of the w o r k  o n  5 - h y d r o x y t r y p t a m i n e  and m o n o a m i n e  o x i d a s e  
was p e r f o r m e d  in a n i m a l s ,  special c a r e  was taken in s e ­
l e c t i n g  only t h o s e  p u b l i c a t i o n s  w h i c h  m i g h t  be r e l e v a n t  to 
the w o r k i n g  h y p o t h e s i s  of this d i s s e r t a t i o n  as e x p r e s s e d  
in its title.
The f o l l o w i n g  s u b j e c t s  are r e v i e w e d  w i t h  r e s p e c t  to 
the project:
1. H i s t o r y  and s i g n i f i c a n c e  of am i n es  in food.
2. M o n o a m i n e  o x i d a s e  and a m i n e  m e t a b o l i s m .
3. B i o c h e m i s t r y  of 5 - h y d r o x y t r y p t a m i n e .
1 1 . H i s t o r y  and S i g n i f i c a n c e  of A m i n e s  in Food
A. E a r l y  R e s e a r c h  on A m i n e  B i o c h e m i s t r y
An i n v e s t i g a t i o n  by S c h m l e d e b e r g  (1877) f u r n i s h e d  
the Initial c l e a r  i n d i c a t i o n  t h a t  a m i n e s  are e n z y m a t i c a l l y  
d e c o m p o s e d  by d e a m i n a t i o n .  He s h o w e d  that oral
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b e n z y l a m i n e  Is e x c r e t e d  as h l p p u r l c  a c i d  in the dog. The 
s a m e  a u t h o r  r e c o g n i z e d  a lso t h a t  the p r o c e s s  I n v o l v e d  
b e n z o i c  a c i d  as an i n t e r m e d i a t e .  A g e n e r a l i z a t i o n  was 
f o r m u l a t e d  that not o n l y  benzylamine, but p r o b a b l y  all 
m o n o a m i n e  bases in w h i c h  the n i t r o g e n  is not linked d i ­
r e c t l y  to an a r o m a t i c  ring are m e t a b o l i z e d  in the b ody  
w i t h  the f o r m a t i o n  of a m m o n i a .  This a s s u m p t i o n  is still 
v a l i d  for m a n y  c o m p o u n d s  b e l o n g i n g  to the s a m e  class 
( B l a sc h k o ,  1952).
M i n k o w s k i  (1883) using r a b b i t  t i s s u e  i n c u b a t e d  with 
b e n z y l a m i n e  was a b l e  to d e m o n s t r a t e  f r e e  b e n z o i c  acid, 
s h o w i n g  in this w a y  the o c c u r r e n c e  in vitro of the same 
d e a m i n a t i o n  reac ti o n .
M o s s o  (1889) s t u d i e d  th e q u a n t i t a t i v e  a s p e c t s  of 
the m e t a b o l i s m  of b e n z y l a m i n e .  He i n j e c t e d  the a m i n e  sub- 
c u t a n e o u s l y  Into the dog, r e c o v e r i n g  90% as h l p p u r i c  acid 
in the urine.
G u g g e n h e i m  and L o f f l e r  (1916) i n v e s t i g a t e d  the 
m e t a b o l i s m  of p h e n y l e t h y l a m l n e ,  the n e x t  h i g h e r  h o m o l o g u e  
of b e n z y l a m i n e .  G u g g e n h e i m  (1951) a s s i g n e d  the nam e of 
b i o g e n i c  a m i n e s  to the p r i m a r y  am i n es  o r i g i n a t i n g  f r o m  the 
e n z y m a t i c  d e c a r b o x y l a t i o n  of a m i n o  acids.
E w i n s  and L a l d l a w  (1910; 1913) s t u d i e d  the b r e a k ­
d o w n  of t y r a m l n e  when p e r f u s e d  t h r o u g h  d i f f e r e n t  o r g a n s  of 
the cat a n d  r abbit. F r o m  t h e i r  in s i t u  o b s e r v a t i o n s  they 
d i s c o v e r e d  that a l t h o u g h  the l i v e r  a n d  the u t e r u s  w e r e  
a b l e  to c a r r y  o u t  the r e a c t i o n ,  the p e r f u s e d  lung co u l d
11
not. T h e i r  s p e c u l a t i o n  was that s m o o th  m u s c l e  h aving a 
rich s y m p a t h e t i c  s u p p l y  can e f f e c t  the t r a n s f o r m a t i o n  of 
am i n e  to acid; the plain m u s c l e  w i t h  p o o r  or no s y m p a ­
th e t ic  s u p p l y  is u n a b l e  to do so. By this o b s e r v a t i o n  
they f o r e s h a d o w e d  the c o n n e c t i o n  b e t w e e n  a d r e n e r g i c  n e r v e  
s u p p l y  and amine oxi d as e .  Initial work  on amine m e t a b o ­
lism was based on the w o r k i n g  a s s u m p t i o n  that the r e a c ti o n  
i n v o l v e d  in the b r e a k d o w n  was a h y d r o l y t i c  r e a c t i o n  of the 
f o l l o w i n g  type:
R - C H 2 - N H 2 + H 2 0 R - C H 20H + N H 3
In this r e a c t i o n ,  alcohol is f o r m e d ,  the alcohol being 
f u r t h e r  o x i d i z e d  to the c o r r e s p o n d i n g  c a r b o x y l i c  acid 
(Blasc h k o ,  1952). O n l y  a f t e r  the d i s c o v e r y  of t y r a m i n e  
o x i d a s e  ( H a r e - B e r n h e 1 m ,  1928) t h e  p o s s i b i l i t y  of the a m i n e  
b r e a k d o w n  w ith f o r m a t i o n  of the a l d e h y d e  was f i r s t  d i s ­
c u s s e d  ( H a r e - B e r n h e i m ,  1931).
C u r r e n t l y ,  the c o m p l e t e  r e a c t i o n  is g e n e r a l l y  r e p ­
r e s e n t e d  as f ollows:
r c h 2 - c h 2 - n h 2 + h 2 o + o2 r c h 2 - c h o  + n h 3 + h2o 2
This can be c o n s i d e r e d  a n a l o g o u s  to the f o r m a t i o n  of keto 
acids f r o m  a m i n o  acids as c a t a l y z e d  by a m i n o  a c i d  o x i d a s e s  
(Krebs, 1948;. Z e l l e r ,  1951; B l a s c h k o ,  1952).
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B. P h y s i o l o g i c a l  E ffects of D i e t a r y  E x o g e n o u s  A m i n e s
The e l u c i d a t i o n  of the d i r e c t  I m p l i c a t i o n s  of p r i ­
m a r y  a r o m a t i c  a m i n es  1n f o o d s t u f f s  is r e l a t i v e l y  recent, 
and the h i s t or i c a l  s e q u e n c e  of the u n d e r s t a n d i n g  of thei r 
n a t u r e  is c l o s e l y  r e l a t e d  to the o l d e r  c o n c e p t  of a l i m e n ­
t a r y  toxemia.
M e t c h n i k o f f  (1903) g ave s c i e n t i f i c  a c c e p t a n c e  to 
the a n c i e n t  c u s t o m  of b o d y  p u r g a t i o n  1n o r d e r  to c l e a n s e  
the a c c u m u l a t e d  "bad h u m o rs "  w h e n  he d e s c r i b e d  the large 
i n t e s t i n e  as a " r e s e r v o i r  of w a s t e  w h i c h  s t a g n a t e s  long 
e n o u gh  to p u t r e f y . "  He a t t r i b u t e d  r e s p o n s i b i l i t y  for 
t o x e m i c  o u t c o m e s  to a g r o u p  of c o m p o u n d s  (the p t o m a i n e s ) ,  
p r o d u c e d  by b a c t e r i a l  f e r m e n t a t i o n ,  for the " s e r i o u s  m i s ­
f o r t u n e  and the g r e a t e s t  d i s h a r m o n y  in the c o n s t i t u t i o n  of 
m a n . "
A c o n t r o v e r s y  over the d r a s t i c  s t a t e m e n t s  of M e t c h ­
n i k o f f  led to a s e r i e s  of m e e t i n g s  at the Royal S o c i e t y  of 
M e d i c i n e  1n L o n d o n  d u r i n g  1913 (Roy. Soc. Med. , 1913). 
T h ere, it was s p e c u l a t e d  t h a t  the end p r o d u c t s  of p r o t e i n  
d i g e s t i o n  may rea ch the ge n e ra l  c i r c u l a t i o n  1f the q u a n t i t y  
a b s o r b e d  is l a r g e r  t han the U v e r  can deal w i t h  (Harley, 
1913). H o w e v e r ,  this p o s s i b i l i t y  was ru l e d  o u t  unless 
t h e r e  1s some i n a b i l i t y  on the p a r t  of the o x i d i z i n g  
m a c h i n e r y  to keep p a c e  w i t h  the f o r m a t i o n  of p u t r e f a c t i v e  
p r o d u c t s  ( S o m er v i l l e ,  1913).
F i f t e e n  y e a r s  later, H a r e - B e r n h e i m  (1928) d i s c o v e r e d
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the b o d y  p r o t e c t i v e  o x i d a t i v e  m e c h a n i s m  a g a i n s t  amines 
when she i s o l a t e d  the e n z y m e  s y s t e m  of t y r a m i n e  o x i d as e  
from the U v e r .
The works of B l a s c h k o  et a l . (1937) on e p i n e p h r i n e  
m e t a b o l i s m  in v i t r o , and Pugh et a l . (1937) on s i m p l e  a l i ­
phatic a m i n es ,  h e l p e d  to e x t e n d  the n u m b er  of n i t r o g e n e o u s  
s u b s t r a t e s  in w h i c h  an identical e n z y m e  s y s t e m  was i n ­
vo l v ed ;  thus, t y r a m i n e  o x i d a s e  d i s c o v e r e d  by H a r e - B e r n h e i m  
was r e n a m e d  a m i n e  o x i d a s e  by B l a s c h k o  and Quastel (Zeller,
1968).
The same e n z y m e  s y s t e m  r e s p o n s i b l e  for p r i m a r y  
a m i n e  d e a m i n a t i o n  was named m o n o a m i n e  o x i d a s e  by Z e l l e r  
(1968), w h o  c l e a r l y  d e f i n e d  the term, c a l l i n g  a t t e n t i o n  to 
the c o n s i d e r a b l e  c o n f u s i o n  in the l i t e r a t u r e  due to an 
u n w a r r a n t e d  e x t e n s i o n  of the d e f i n i t i o n  to a c o n t i n u o u s l y  
g r o w i n g  class of a m i n e  o xidases.
The se r i ou s  e f f e c t s  b r o u g h t  a b o u t  when n a t u r a l l y  
o c c u r r i n g  a m i n es  find thei r w a y  t h r o u g h  the luminal and 
h e p a t i c  m o n o a m i n e  o x i d a s e  b a r r i e r s  w e r e  s u m m a r i z e d  by Dale 
and D i x o n  (1909). The acute s y m p t o m a t o l o g y  inc l ud e s  s e v e r e  
p a r o x y s m a l  h y p e r t e n s i o n ,  h e a d a c h e s ,  p a l p i t a t i o n ,  neck pain, 
I n t r a c r a n i a l  h e m o r r h a g e ,  and heart f a i l u r e  ( E d i tori al,
1969).
No c o n v i n c i n g  e p i d e m i o l o g i c a l  st u d ie s  are a v a i l a b l e  
to d a t e  on l o n g - t e r m  o u t c o m e s ,  and the a t t e m p t s  to r e p r o ­
duce s u s p e c t e d  l e s i o n s  by r e l a t i v e l y  large d a i l y  i n j e c t i o n s  
of a m i n e s  in test a n i m a l s  have b een c o n s i d e r e d  naive by
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P a g e  (1968), on the a s s u m p t i o n  t h a t  c o n t i n u o u s  a d m i n i s t r a ­
t i o n  of a s u b s t a n c e  1n small a m o u n t s  1s m o r e  l i k e l y  to r e ­
p r o d u c e  w h a t  h a p p e n s  In n a t u r e  than s i n g l e  large doses of 
a m e t a b o l i c a l l y  a c t i v e  and l abile comp ou n d .  F u r t h e r m o r e ,  
w h e n  a m i n e - c o n t a i n i n g  food c o m p r i s e s  a s t a p l e  p a r t  of the 
diet, the p r e d i c t i o n  of e f f e ct s  o v e r  a l i f e t i m e  can h a r d l y  
be r e p r o d u c i b l e  in t e s t  a n i m a l s  (Page, 1968).
T h e  " c h e es e  r e a c t i o n "  d e s c r i b e d  by A s a t o o r  et a l .
(1963) can be u sed as a model for m a n y  r e a c t i o n s  e v o k e d  by 
the n u t r it i o n a l  i ntake of a m 1n e - r 1ch foods.
C . The " C h e e s e  R e a c t i o n "
A m o n g  c o m m o n  f oods, c h e e s e  was c h r o n o l o g i c a l l y  the 
f i r s t  to be held r e s p o n s i b l e  for a l i m e n t a r y  to x e mi a  and 
s o o n  b e c a m e  a c o n t r o v e r s i a l  ali m en t .  H i p p o c r a t e s  c o n ­
s i d e r e d  c h e e s e  a bad food b e c a u s e  it "gives pain to a n y o n e  
e a t i ng  1t in e x c e s s "  (Blackwell and Ma r l e y ,  1967).
L i e b i g  (1846) i s o l a t e d  the a m i n o  acid t y r o s i n e  as a 
w h i t e  c r y s t a l l i n e  s u b s t a n c e  fr om c h e e s e ,  and n a m e d  1t f r o m 
the G r e e k  w o r d  xup de for cheese. T h e  d e c a r b o x y l a t e d  d e r i ­
va t i ve ,  t y r a m i n e ,  was c h a r a c t e r i z e d  at the b e g i n n i n g  of 
this c e n t u r y  by Van S l y k e  and Hart (1903), and was i n i ­
t i a l l y  o b t a i n e d  f r o m  the s a m e  c h e e s e  source.
D a l e  and D i x o n  (1909) f o u n d  that t y r a m i n e  from 
p u t r i d  m e a t  p r o d u c e d  h y p e r t e n s i o n  in man and l a b o r a t o r y  
a n i m al s ,  and F i n d l a y  (1911) r e p o r t e d  that t y r a m i n e  given 
i n t r a m u s c u l a r l y  c a u s e d  a r i s e  in b l o o d  p r e s s u r e  w h i c h  was
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a c c o m p a n i e d  by s t r o n g  c e p h a l g i a .
The long o b s e r v e d  t o x i c i t y  of some types of c h e e s e  
was d i r e c t l y  a s s o c i a t e d  with t y r a m i n e  by D i x o n  (1913) w h o  
also no t e d  that the s i m p l e s t  w a y  1n w h i c h  har m le s s  a m i n o 
acids m a y  b e c o m e  toxic is by d e c a r b o x y l a t i o n .  E v i d e n c e  
w a s given  that t y r a m i n e  is p r e s e n t  in c h e e s e  as the r e s u l t  
of b a c t e r i a l  action.
D u r i n g  1 9 6 3 - 1 9 6 4 ,  a s e r i e s  of a l a r m i n g  r e p o rt s  
f o c u s e d  a t t e n t i o n  on the p o t e n t i a l  h a z a r d s  of this food 
due to its c o n t e n t  of a m i n e s  and the a s s o c i a t i o n  w i t h  m o n o ­
a m i n e  i n h i b i t o r s  ( B l a c k w e l l ,  1963; D a v i e s ,  1963; Foster, 
1963; C o o p e r  et a l ., 1964; G l a z e n e r  et a l ., 1964).
A s a t o o r  et a l . (1963) s t u d i e d  the e f f e c t s  in s u b ­
j e c t s  a f t e r  i n t a ke  of ch e e se .  T h e y  c a r r i e d  out i n v e s t i g a ­
tions c o n f i r m i n g  p r e v i o u s  s t u d i e s  on t y r a m i n e  in s a m p l e s  
of C a m e m b e r t  and R o q u e f o r t .  W o r k i n g  with e x t r a c t s  from 
v a r i o u s  t y p e s  of c h e e s e  and u s i n g  c h r o m a t o g r a p h i c  t e c h ­
niques, t h e s e  a u t h o r s  e s t a b l i s h e d  t h e  p r e s e n c e  of t y r a m i n e ,  
b e t a - p h e n y l e t h y l  a m i n e,  and t r y p t a m i n e ;  in a d d i t i o n ,  they 
f o und m e t a b o l i t e s  of t y r a m i n e  and t r y p t a m i n e  in h u m a n  
u r i n e  a f t e r  I n g e s t i o n  of c heese .
H o r w i t z  et a l . (1964) c o n f i r m e d  the f i n d i n g s  o b ­
t a i n e d  by A s a t o o r  et a l . ( 1 963), and c o r r o b o r a t e d  t h e i r  
h y p o t h e s e s ;  they a l s o  d e t e r m i n e d  t y r a m i n e  c o n c e n t r a t i o n  in 
v a r i o u s  foods.
B l a c k w e l l  a n d  M a b b i t t  (1965) a n a l y z e d  14 v a r i e t i e s  
of C h e d d a r  ( Eng lish, C a n a d i a n ,  and A u s t r a l i a n ) ,  t h r e e
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s a m p l e s  of w h i c h  p r o d u c e d  h y p e r t e n s i v e  attacks.
T h e  h y p o t h e s i s  t h a t  t y r a m i n e  1s the r e s p o n s i b l e  
f a c t o r  f o r  toxi c e p i s o d e s  e v o k e d  by e a t i n g  t y r a m i n e - r i c h  
foods r e c e i v e d  p h a r m a c o l o g i c a l  c o n f i r m a t i o n  both in a n i ­
mals ( Natoff, 1964; Blackwell and M a r l e y ,  1966a) and man 
( H o r wi t z  et a l ., 1964).
C o m b i n i n g  i n f o r m a t i o n  a v a i l a b l e  on the p roblem, 
S j o q v i s t  (1968) p r e s e n t e d  a model i l l u s t r a t i o n  of the m a i n 
p h e n o m e n a  o c c u r r i n g  in w h a t  b e c a m e  kn own as the "Ch e es e  
R e a c t i o n "  (Fig. 1). M o s t  o r a l l y  a d m i n i s t e r e d  a m i n e s  are 
m e t a b o l i z e d  I m m e d i a t e l y  by I n t e st i n a l  and, to less e x t e n t ,  
h e p a t i c  m o n o a m i n e  oxidase. F o l l o w i n g  i n s u f f i c i e n t  d e g r a d a ­
tion, the a b s o r p t i o n  of a m i n e s  is i n c r e a s e d ,  and they 
q u i c k l y  e n t e r  the s y s t e m i c  c i r c u l a t i o n  and hence the n e r v e  
t e r m i n a l s ,  w h e r e  they d i s p l a c e  n o r e p i n e p h r i n e  c a u s i n g  its 
p r o l o n g e d  r e l e a s e  with a m a r k e d  p r e s s o r  effect.
D. O c c u r r e n c e  and D i s t r i b u t i o n  of A m i n e s  in F o o d s t u f f s
R e p o r t s  on toxi c e v e n t s  a t t r i b u t a b l e  to b i o g e n i c  
a m i n e s  are n u m e r o u s ,  but s y s t e m a t i c  s t u d i e s  on the a m i n e  
c o n t e n t  of v a r i o u s  foods are m i s s i n g  ( S j o qv i s t ,  1968). In 
m o s t  cas es a n a l y t i c a l  I n v e s t i g a t i o n s  were u n d e r t a k e n  onl y 
to c o n f i r m  a s u s p e c t e d  source.
Bl a c k w e l l  and M a b b i t t  (1965) and H o r w i t z  et a l .
(1964) w e r e  the f i r s t  to c a r r y  out a s p e c i f i c  s t u d y  on the 
t y r a m i n e  c o n t e n t  of several types of c h e e s e  and a l c o h o l i c  
b e v e r a g e s .  T h e y  a l s o  f o c u s e d  t h e i r  a t t e n t i o n  on m a n y
Fig. 1. P h y s i o l o g i c a l  m e c h a n i s m  i n v o l v e d  in the c h e e s e  r e actio n.
L e g e n d : NE ( n o r e p i n e p h r i n e ) ;  EA ( e x o ge n o u sa m i n e s ); MAO ( m o n o a m i n e  oxidas e ) .
M o s t  of the e x o g e n o u s  a m i n e s  a b s o r b e d  f r o m  the i n t e s t i n e  are m e t a b o l i z e d  in the liver, and very l i t t l e  reach the s y s t e m i c  c i r c u l a t i o n  and hence the ne rve t e r m in a l s .  The righ t p o r t i o n  of the model i l l u s t r a t e s  the c o n d i t i o n  of a p a t i e n t  with an i n h i b i t e d  m o n o a m i n e  o x i d as e :  e x o g e n o u s  d i e t a r ya m i n e s  are m o r e  r e a d i l y  a b s o r b e d ,  are not m e t a b o ­l i zed in the liver, and r each the nerve t e r m i n a l s  w h e r e  they m a y  d i s p l a c e  n o r e p i n e p h r i n e  f r o m  its s e q u e s t r a t i o n  sites.










MAO- In h ib i to r —  NE/OOOv“NE
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foods c o n t a i n i n g  y e a s t  e x t r ac t s ,  or th o s e  w h i c h  w e r e  the 
r e s u l t  of y e a s t  or  bact er i a l  f e r m e n t a t i o n .
In a d d i t i o n  to t y r a m i n e ,  s o m e  c h e e s e  p r o d u c t s  w e r e  
f o u n d  to c o n t a i n  also phenyl ethyl a m i n e  and t r y p t a m i n e  
( B lackw ell and M a r l e y ,  1966b).
H i s t a m i n e  was found in s o m e  y e a s t  e x t r a c t s  (Black- 
well and M a r l e y ,  1 966a; B l a c kw e l l  et a l .. 1969 ), and in 
s o m e  animal t i s s u e s  (Tabor, 1 954), e s p e c i a l l y  in fish 
(Kimata, 1961). The l a t t e r  f o u n d  th at the level of h i s t a ­
m i n e  was s u b s t a n t i a l l y  i n c r e a s e d  in s p o i l e d  fish. T he e x ­
t e n s i v e  s u r v e y  of the J a p a n e s e  fish m a r k e t  c a r r i e d  out by 
this a u t h o r  is p r e s e n t e d  1n T a b l e  1.
B l a c kw e l l  and M a r l e y  (1966b) s u s p e c t e d  also food 
c o n s t i t u e n t s  a b l e  to r e l e a s e  e n d o g e n o u s  h i s t a m i n e .  N o r ­
m a l l y  this c o m p o u n d  1s not a b s o r b e d  by the i n t e s t i n e ,  but 
it can r a p i d l y  t r a v e r s e  the luminal b a r r i e r  in the p r e s e n c e  
of e n z y m a t i c  i n h i b i t o r s .  Thus it m a y  e x p l a i n  the f a c t  that 
1n s ome cases h e a d a c h e s  w i t h o u t  h y p e r t e n s i o n  can be o b ­
s e r v ed ,  and s o m e t i m e s  even h y p o t e n s i o n  f o l l o w e d  by c o l ­
lapse. H o w e v e r ,  1t m u s t  be r e m e m b e r e d  that foods wh ich 
c o n t a i n  h i s t a m i n e  do no t a g g r a v a t e  a l l e r g i c  s y m p t o m s  in 
s u b j e c t s  t r e a t e d  w i t h  m o n o a m i n e  o x i d a s e  i n h i b i t o r s  (Black- 
well and M a r l e y ,  1966a).
S u b s t a n t i a l  a m o u n t s  of b i o g e n i c  a m i n e s  w e r e  also 
f o u n d  1n c h i c k e n  U v e r  ( Hedberg et a l .. 1966), and p i c k l e d  
h e r r i n g  ( N u e s s l e  et a l ., 1965).
Sen (1969) p e r f o r m e d  a s y s t e m a t i c  s t u d y  w h i c h  was
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Table 1
H i s t a m i n e  c o n t e n t  of fish p r o d u c t s  on the J a p a n e s e  m a r k e t *
P r o d u c t Hi stami neFresh yg/g . . .Dry M a t t e r
C a n n e d  fishOil s a r d i n e 57.9 113.1S e a s o n e d  s a r d i n e 1 3 . 1 - 8 1 . 6 4 8 . 0 - 2 0 3 . 1S e a s o n e d  m a c k er e l 1 . 8 - 4 9 . 3 6 . 3 - 1 4 8 . 6S e a s o n e d  tuna 6 3 . 8 - 9 9 . 8 1 6 2 . 1 - 2 7 5 . 0S e a s o n e d  b o n i t o 5 9 . 9 - 1 5 6 . 9 1 5 6 . 3 - 4 8 9 . 5S e a s o n e d  w h a l e 11.3 34.9Pink s a l m o n 2.3 6.6D r i e d  fishSardi ne 124.3 150.9H e r r i n g 300.9 366.2Sand eel 39.5 48.5Squi d 26.0 34.5S h a r k  fin 1.8 2.0S a l t e d  fishH e r r i n g 98.3 200.7T r o u t 22.5 4 8 .8H e r r i n g  roe 5.1 11.7S a l t e d  dried fishM a c k e r e l  pike 2 9 7 . 8 522.8G u t t e d  cod 0.7 1.0S a r d i n e 15.0 23.3S e a s o n e d  dried fishP r e s s e d  s q u i d 10.2 11.7G l o b e f i s h 2.4 3.6B r o i l e d  s a r d i n e 398.9 471.8Fish b o i l e d  in soy s a u c eSand eel 1 . 8 2.5G o b y 5.3 7.2S m o k e d  fishH e r r i n g 3 4 5 . 2 520.2Sa l m on 16.6 24.9S a l t e d  fish gutB o n i t o 24.7 59.8Sea c u c u m b e r 10 7 . 2 292.2F 1 sh c a k eK a m a bo k o 0 . 4 - 0 . 7 1. 6 - 2. 3
* K 1 m a t a ,  1961.
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not c o n n e c t e d  w i t h  clinical or p h a r m a c e u t i c a l  o b s e r v a t i o n s .  
His a n a l y t i c a l  model will p r o b a b l y  s e r v e  as a s t a n d a r d  for 
f u t u r e  I n v e s t i g a t i o n s  by the I n c r e a s i n g  n u m b e r  of w o r k e r s  
c o n c e r n e d  with the am i n e  c o n t e n t  of c o m m o n  foods. In his 
paper, this a u t h o r  r e p o r t e d  t y r a m i n e  levels in 23 v a r i e t i e s  
of ch e e se ,  15 v a r i e t i e s  of w i n e  and beer, and several 
o t h e r  c o m m o n  foods. S a m p l e s  w e r e  t a k e n  f r o m  f o r e i g n  and 
d o m e s t i c  m a r k e t s ,  and a gas c h r o m a t o g r a p h y  m e t h o d  e m p l o y ­
ing e l e c t r o n  c a p t u r e  d e t e c t o r  was d e v e l o p e d  in w h i c h  the 
c o m p o u n d  was a n a l y z e d  for its t r l f l u o r o a c e t y l  d e r i v a t i v e .
O u g h  (1971) r e c e n t l y  p u b l i s h e d  r e s u lt s  on m e a s u r e ­
m e n t s  of h i s t a m i n e  1n C a l i f o r n i a  w i n e s  and g r a p e  juices. 
U s i n g  a che m ic a l  f l u o r e s c e n c e  m e t h o d ,  he f o u n d  that m o s t  
C a l i f o r n i a  w i n e s  are g e n e r a l l y  well b e l o w  the level n o r ­
m a l l y  c o n s i d e r e d  p h y s i o l o g i c a l l y  i m p o r t a n t  w h e n  I ngested. 
The s o u r c e  of h i s t a m i n e  was n o t  d e f i n i t e l y  i d e n t i f i e d ,  but 
1t was f o u n d  t h a t  the e f f e c t  of m a l o l a c t i c  f e r m e n t a t i o n ,  
t e m p e r a t u r e  of f e r m e n t a t i o n ,  and b e n t o n i t e  f i n i n g  did not 
s i g n i f i c a n t l y  a f f e c t  the a v e r a g e  a m o u n t  of h i s t a m i n e  1n 
the c o m m e r c i a l  w i n e  samples. A l s o  I n c l u d e d  1n this s t u d y  
1s I n f o r m a t i o n  on r e c e n t  a n a l y s e s  of E u r o p e a n ,  C h i l e a n ,  
and No r t h  A f r i c a n  wines.
T a b l e  2 s u m m a r i z e s  the f i n d i n g s  of b i o g e n i c  a m i n es  
in c o m m o n  foods a v a i l a b l e  up to the p r e s e n t  date. T h e  
w o r k s  of Sen (1969) and O u g h  (1971), to w h i c h  r e f e r e n c e  is 
m a d e  of the orig i n a l  p ap ers, are not Includ ed.
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Table 2
C o n c e n t r a t i o n  of a mines 1n f e r m e n t e d  foods
Food p r o d u c t  T y r a m i n e Hi s t am i  ne R e f e r e n c e
C a m e m b e r t  c h e e se 2000* - A s a t o o r1963 et a l .,S t i l t o n  c h e e s e 466 - H o r w i t z1964 et a l .,Brie c h e e s e 180 _ IIE m m e nt h a l  c h e e s e 225 - IIN.Y. S t a t e  c h e d d a r 1416 IIG r u y e r e 516 IIP r o c e s s e d  A m e r i c a n 50 - IIC r e a m  c h e e s e 0 IIC o t t a g e  c h e e s e 0 - I IBeer 1 . 8 yg/ml - IIS h e r r y  w i n e  3.6 yg/ml - IIS a u t e r n e  w i n e  0 .4 yg/ml - IIR i e s l i n g  w i n e  0 .6 yg/ml - IIChianti w i n e  24 .5 yg/ml - I IE n g l i s h  C h e d d a r 0- 9 5 3 - I IC a n a d i a n  C h e d d a r 2 5 1 - 5 3 5 - IINe w  Z e a l a n d 4 1 7 - 5 8 0 _ IIC h e d d a rA u s t r a l i a n  C h e d d a r 226 - IIK r a f t  ( C r a c k e r  B a r r e l ) 214 —
II
M a r m l t e ,  Ye a s t  e x t r a c t 1 0 8 7 - 1 6 3 9 9 7 6 - 2 8 3 2 B 1 a c k w e l 1 et a l .• 1969Yex. Y e a s t 506 1344 IIe x t r a c tB e fit, Y e a s t 419 272 IIe x t r a c tB a r m e n e ,  Y e a s t 152 208 IIe x t r a c tY e a s t r e l ,  Yeast 101 256 IIe x t r a c tP i c k l e d  h e r r i n g 3030 - N u e s s l e1965 H e d b e r g1966
et a l . i
C h i c k e n  l i v e r 9 4 - 1 1 3 - et a l .,
* V a l u e s  r e p r e s e n t  y g / g  u n l e ss  o t h e r w i s e  stated.
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E. Physiologi'cally I m p o r t a n t  A m i n e s  in P lants
The d i s c o v e r y  of I m p o r t a n t  animal a m i n es  in p la nts 
was I n i t i a l l y  s u r p r i s i n g ,  but 1t 1s n o w  an e s t a b l i s h e d  
f a c t  that m a n y  of them are found c o n s i s t e n t l y  in c o m m o n  
pl a n t s  used as h u m a n  food  (Strong, 1966b).
W a a l k e s  et a l . (1958) w e r e  the f i r s t  to r e p o r t  the 
e v i d e n c e  for the p r e s e n c e  of s e r o t o n i n ,  n o r e p i n e p h r i n e ,  
and d o p a m i n e  in bananas. The s t u d i e s  l e a d i n g  to t h e s e  
f i n d i n g s  w e r e  i n i t i a t e d  a f t e r  o b s e r v a t i o n s  of A n d e r s o n  
a l . (1958) that I n g e s t i o n  of b a n a n a s  p r o d u c e d  an i n c r e a s e d  
u r i n a r y  e x c r e t i o n  of a s e r o t o n i n  m e t a b o l i t e ,  5 - h y d r o x y -  
i n d o l e a c e t i c  acid.
I n d e p e n d e n t l y ,  and a l m o s t  at the same  time, West 
(1958; 1971) w o r k i n g  in E n g l a n d  with b a n a n a s  of A f r i c a n  
o r i g i n ,  c o n f i r m e d  the p r e s e n c e  of the s a m e  c o m p o u n d .  In 
a d d i t i o n  to the clin ic a l  i n t e r e s t  c o n n e c t e d  wit h the i n ­
g e s t i o n  of b a n a n a s ,  the a u t h o r  noted t h a t  the d i s c o v e r y  
had b i o c h e m i c a l  m o m e n t u m ,  s i n c e  clues m i g h t  be p r o v i d e d  
a b o u t  the b i o s y n t h e s i s  and f u n c t i o n  of t h e s e  a m i n e s  in 
nature. He also r e p o r t e d  that t o m a t o e s  c o n t a i n e d  i ndo le 
d e r i v a t i v e s  b u t  not n o r e p i n e p h r i n e  o r  d o p a m i n e .
M a r s h a l l  (1958; 1959) e x a m i n e d  v a r i e t i e s  of b anana 
M a t o k e  g r o w n  1n U g a n da ,  and r e p o r t e d  t h a t  they c o n t a i n e d  
r e l a t i v e l y  large a m o u n t s  of c a t e c h o l a m i n e s  and t r y p t a m i n e .
U d e n f r l e n d  et a l . (1959), in a s y s t e m a t i c  e x a m i n a ­
tion of c o m m o n  f r u i t s  a n d  v e g e t a b l e s ,  p u b l i s h e d  d a t a  on
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s e r o t o n i n ,  t y r a m i n e ,  t r y p t a m i n e ,  d o p a m i n e ,  and n o r e p i n e p h ­
rine In 12 d i f f e r e n t  kinds of f ruits  and v e g e t a b l e s .  O f.
all the f r u i t s  s t u d i e d ,  b a n a n a s  c o n t a i n e d  the l a r g e s t  
am o u nt s  of t h e s e  s u b s t a n c e s .  H o w e v e r ,  the skin of the 
ba n a na  i t s e l f  was u n i q u e  in t h a t  it c o n t a i n e d  e n o r m o u s  
q u a n t i t i e s  o f  a m i n e s  c o m p a r e d  with all the o t h e r  e d i b l e  
plants i n v e s t i g a t e d  to date. T h e s e  a u t h or s  o b s e r v e d  t hat 
f i n d i n g s  of a m i n es  in f r u i t s  and v e g e t a b l e s  may  hav e i m ­
p o r t a n t  a p p l i c a t i o n s  s i n c e  t h e s e  s u b s t a n c e s  may be r e s p o n ­
s i b l e  for s o m e  t y p e  of b r o w n i n g  and d i s c o l o r a t i o n  of 
frui t s .
W o r k i n g  w i t h  N i g e r i a n  s t r a i n s  of b a n a n a s  and p l a n ­
tains of the s p e c i e s  M u s a  s a p i e n t u m  var. p a r a d i s i a c a , Foy 
and P a r r a t t  (1960; 1961) p u b l i s h e d  d a t a  on the p r e s e n c e  of 
a m i n e s  in t h a t  t ype of f r u i t  w h i c h  c o n s t i t u t e s  a s t a p l e  
food of m a n y  W e s t  A f r i c a n s .  In v i e w  of the p o s s i b i l i t y  
t h a t  the t i m e  t a k e n  for the t r a n s p o r t  to E n g l a n d  could 
a f f e c t  the a m i n e  c o n t e n t ,  t h e y  used o n l y  fresh natural 
m ateria l o b t a i n e d  f r o m  l o c a l l y  g r o w n  plants.
O c t o p a m l n e  has been i s o l a t e d  and i d e n t i f i e d  from 
e x t r ac t s  o f  j u i c e  and leaves of the M a y e r  lemon by S t e w a r t  
and W h e a t o n  (1964). S everal other p l a n t  m a t e r i a l s  have 
been r e p o r t e d  as c o n t a i n i n g  b i o l o g i c a l l y  a c t i v e  a mines; 
these data and r e f e r e n c e s  are s u m m a r i z e d  in T a b l e  3.
Table 3
C o n c e n t r a t i o n  of amines in fruits and vegeta b l e s
F r u i t / V e g e t a b l e 5-HT T r y p t ­amine Tyr- ami ne D o p ­amine Dopa N o r e p i n ­ep h r in e Hist- ami ne Octop-amine Syn-ephrine Ref.*
Banana (peel) 50-150 0 65 700 - 122 - - - 1
Banana (pulp) 28 0 7 8 - 2 - . - - 1
Plantain (pulp) 45 - - - - - - - - 1
T o m a to 12 4 4 0 - 0 - - - 1
Red plum 10 0-2 6 0 - + - - - 1
B l ue-re d plum 8 2 - - - - - -
Blue plum 0 5 - - - - - - 1
A v o c a d o  pear 10 0 23 4-5 - 0 - - - 1
Potato 0 0 1 0 - 0 .1-2 - - - 1
Spinach 0 0 1 0 - 0 - - -
Grape 0 0 0 0 - 0 - - - 1
Or a n ge  (pulp) 0 0.1 10 0 - + - - - 1
Eggplant 2 0.5 3 0 - 0 - - - 1
Broadbeans - - - - + - - - - 2
Passion fruit 1-4 - - - - - - - - 3
Pawpaw 1-2 - - - - - - - - 3
P i ne ap p l e  (green) 50-60 - - - - - - - - 4
P ineapple (ripe) 19 - - - - - - - - 4
Table 3 (cont'd.)
F r u i t / V e g e t a b l e 5-HT Tr y p t-  T y r ­amine amine D o p ­amine D o  N o r e pi n -  Hist- O ctop- Syn- p e p h r i n e  amine amine e p h r i n e Ref.*
Pineap p l e  (juice) canned 23-25yg/ml
- - -  - 5
Pineap p l e  (juice) fresh 12yg/ml
- - -  -  -  - 5
Lemon (juice/leaf) - - - -  +  + 6
S a u e r k r a u t  (juice) •  ** * 40 -yg/ml 7
♦References: 1 - - U d e n f r i e n d  et a l . (1959); 2 - - H od g e  et a l . (1964); 3 - - F o y  andParratt, 1960; 4 --Foy and Parratt, 1961; 5--Bruce, 1960; 6-- S t e w a r t  and Whe a to n ,  1964; 7 — Kell and Krltter, 1934.
Note: The values r eported r e p r e s e n t  yg/g unless o t h e r w i s e  stated.
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F. I n d i r e c t  S o u r c e  of D i e t a r y  A m i n e s
A p o t e nt i a l  s o u r c e  o f  a m i n e s  a f t e r  the I n g e s t i o n  of 
foods rich in t y r o s i n e ,  p h e n y l a l a n i n e ,  and t r y p t o p h a n  is 
the d e c a r b o x y l a t i o n  of t h e s e  a m i n e  p r e c u r s o r s  c a r r i e d  out 
by i n t e s t i n a l  c o m m e n s a l s .  S t u d ie s  on m i c r o o r g a n i s m s  
c a p a b l e  of a m i n o  acid d e c a r b o x y l a t i o n  in the g a s t r o ­
i n t e st i n a l  t r a c t  w e r e  m a d e  by W i l s o n  and Miles (1955).
The pH of the lower i l e u m  and c o l o n  w i t h  a n a e r o b i c  c o n d i ­
tions and c o n s t a n t  t e m p e r a t u r e  p r o v i d e  an ideal m i l i e u  for 
b a cteri al g r o w t h ,  c o u p l e d  w i t h  a r e a d y  s u p p l y  of amino  
acids p r o d u c e d  by e n z y m a t i c  p r o t e o l y s i s  (Marley and B l a c k -  
well, 1970).
Early e v i d e n c e  of a m i n e  p r o d u c t i o n  by I n t e st i n a l  
m i c r o f l o r a  was g i v e n  by G a l e  (1940), and a d d i t i o n a l  e v i ­
de n c e  d e r i v e d  f r o m  use of a n t i b i o t i c s ,  w h i c h  by s u p p r e s s i n g  
b a c t e r i a l  a c t i v i t y  l i m i t e d  the a m i n e  f o r m a t i o n  1n the gut, 
was p r e s e n t e d  by M e l n y k o w y c z  and J o h a n n s o n  (1955).
In a d d i t i o n ,  e x p e r i m e n t s  p e r f o r m e d  on rats and cats 
by D a w s o n  and P o r t e r  (1962) s h o w e d  t h a t  o n l y  ]$% of 1 R e ­
l a b e l l e d  p r o t e i n  fed o r a l l y  1s t r a n s p o r t e d  a cross  the i n ­
t e stina l wall 1n the f o r m  of a m i n o  acids. The a p p e a r a n c e  
of 1‘,C 0 2 in the e x p i r e d  a i r  s u g g e s t e d  t h a t  some of the 
a m i n o  acids a r e  c a t a b o l l z e d  in t h e  gut or I n t e st i n a l  wall.
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III. M o n o a m i n e  O x i d a s e  and A m i n e  M e t a b o l i s m
T h i s  e n z y m e  s y s t e m  was a l r e a d y  m e n t i o n e d  e a r l i e r  
(R e v i e w  of L i t e r a t u r e , S e c t i o n  1 1 - B ) 1n c o n n e c t i o n  w i t h  
its p r o t e c t i v e  e f f e c t  in d e t o x i f y i n g  the o r g a n i s m  f r o m  
e x o g e n o u s  d i e t a r y  amines.
A. C h a r a c t e r i z a t i o n  of M o n o a m i n e  O x i d a s e
1. L o c a l i z a t i o n .— The m a m m a l i a n  liver is the most 
c o n v e n i e n t  s o u r ce  of the e n z y m e ,  and the m o s t  c h a r a c t e r i s ­
tic p r o p e r t y  is its l o c a l i z a t i o n  in the I n s o l u b l e  cell 
c o n s t i t u e n t s  ( B l a s c h k o ,  1952). Several a u t h o r s  s h o w e d  
t h a t  m o s t  of the a c t i v i t y  of this e n z y m e  is a s s o c i a t e d  
w i t h  the m i t o c h o n d r i a l  f r a c t i o n  ( Cotzias and Dole, 1951a; 
Z e l l e r  et a l ., 1958). H o w e v e r ,  some e v i d e n c e  also was 
p r o p o s e d  for s o l u b l e  m o n o a m i n e  o x i d a s e  in animal ( Tabor  
et a l ., 1954) and p l a n t  t i s s u e s  ( G o d d a r d  and S t a f f o r d ,  
1954).
A c c o r d i n g  to B o n n e r  Jr. (1957) the t e r m  s o l u b l e  
o x i d a s e  as r e l a t e d  to p l a n t s  is an a r b i t r a r y  one s i n c e  
s o m e  o x i d a s e s  that are c o n s i d e r e d  to be s o l u b l e  have been 
sh o w n  to be a s s o c i a t e d  w i t h  c y t o p l a s m i c  in c l us i o n s .  This 
fact, 1n his o p i n i o n ,  r e f l e c t e d  a trend t o w a r d  the c e s s a ­
tion of the g eneral i n t e r e s t  1n h i g h l y  p u r i f i e d  s i n g l e  
e n z y m e  e n t i t i e s ,  and the a d o p t i o n  of a m o r e  general c o n ­
s i d e r a t i o n  of the f u n c t i o n  of o x i d a t i v e  e n z y m e  s y s t e m s  in 
r e l a t i v e l y  c r u d e  cell h o m o g e n a t e s  and f r a c t i o n s .
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B l a s c h k o  (1952) r e p o r t e d  t h a t  at l e a s t  50% of the 
total e n z y m a t i c  a c t i v i t y  was 1n the mitochondrial f r a c t i o n ,  
but m o r e  r e c e n t  g r a d i e n t  c e n t r i f u g a t i o n  s t u d i e s  have shown 
that m i t o c h o n d r i a  f r o m  the l i v e r  m a y  a c c o u n t  for as much 
as 7 6 . 7 %  of the m o n o a m i n e  o x i d a s e  a c t i v i t y  ( Oswald and 
S t r 1 t t m a t t e r ,  1963).
In an e x t e n s i o n  of an e a r l i e r  w o r k  ( Ken ten and Mann, 
1952), Mann (1955) was s u c c e s s f u l  in o b t a i n i n g  c o n s i d e r a b l e  
p u r i f i c a t i o n  of a m i n e  o x i d a s e  f r o m  pea s e e d l i n g s ,  w h i c h  
led him to c o n c l u d e  t h a t  p r e v i o u s l y  d e s c r i b e d  m o n o -  and 
d i a m i n e  o x i d a s e s  ( C r o m w e l l ,  1943; W e r l e  and P e c h m a n n ,
1949; Z e l l er ,  1951) are all on e e n z y m e ;  that is, p l a n t  
a m i n e  oxidase. H o w e v e r ,  it is still p o s s i b l e  that v a r i o u s  
m o n o a m i n e  o x i d a s e s  e x i s t  s i n c e  d i f f e r e n c e s  of a c t i v i t y ,  
d e p e n d i n g  on the o r i g i n  of the e n z y m e  ( species, o r g a n s ) ,  
h a ve b e e n  o b s e r v e d  in r e l a t i o n  to the same s u b s t r a t e  
( H oltz and B u c h s e l , 1941; Z e l l e r ,  1959).
In man, m o n o a m i n e  o x i d a s e  has been d e m o n s t r a t e d  1n 
the k i dneys , liver, p a n c r e a s ,  i n t e s t i n e ,  s t o m a c h ,  brain, 
lungs, p l a c e n t a ,  t h y r o i d  g la nd, t h y m u s ,  s keletal m u s c l e s ,  
m u s c l e s  of the h eart, m u s c l e s  of the b l a d d e r ,  ut e r us ,  and 
1n b l o o d  v e s s e l s  ( F r a nz e n  an d E y s e l l , 1969). D e c r e a s e d  
and i n c r e a s e d  c o n t e n t  of t i s s u e  m o n o a m i n e  o x i d a s e  1s o b ­
s e r v e d  1n several p a t h o l o g i c a l  c o n d i t i o n s ,  and r e c e n t l y  
this e n z y m e  s y s t e m  has a l s o  a r o u s e d  i n t e r e s t  in its p o s ­
s i b l e  v a l u e  as a t h e r a p e u t i c  a g e n t  (Fr a nz e n  and Ey s e ll ,
1969).
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2. D i f f e r e n t i a t i o n  and Ch em ic a l  C h a r a c t e r i z a t i o n .-- 
L i v e r  m o n o a m i n e  o x i d a s e  has been d i f f e r e n t i a t e d  f r o m  o t h e r  
a m i n e  o x i d a s e s  ( d i a m i n e  o x i d a s e  and s p e r m i n e  o x i d a s e )  by 
s u b s t r a t e  s p e c i f i c i t y  (Blasc h k o ,  1963), and s e n s i t i v i t y  to 
s p e c i f i c  i n h i b i t o r s  ( B e l le a u  and M o r a n,  1963).
Si n c e  its d i s c o v e r y  by H a r e - B e r n h e i m  (1928) this 
e n z y m e  has s t u b b o r n l y  r e s i s t e d  v a r i o u s  a t t e m p t s  at p u r i f i ­
c a t i on  (Kohn, 1937; A l l e s  and H e e g a a r d ,  1 943), and an e x ­
p l a n a t i o n  for this b e h a v i o r  e m e r g e d  from the d e m o n s t r a t i o n  
of the I n t i m a t e  a d h e r e n c e  of this e n z y m e  to the c y t o p l a s -  
m a t i c  p a r t i c u l a t e  e l e m e n t s  ( C o t z i a s  and Dole, 1951a). 
S c h n a i t m a n  et a l . (1967) f o u n d  a c o n c e n t r a t i o n  of m o n o ­
a m i n e  o x i d a s e  in a s u b f r a c t i o n  o b t a i n e d  f r o m  rat live r 
m i t o c h o n d r i a  a f t e r  c o n t r o l l e d  o s m o t i c  lysis. On the basis 
of e l e c t r o n  m i c r o s c o p e  e v i d e n c e ,  this was i d e n t i f i e d  as a 
d e r i v a t i v e  of the o u t e r  m i t o c h o n d r i a l  m e m b r a n e .  T h e y  s u g ­
g e s t e d  that m o n o a m i n e  o x i d a s e  m a y  serv e as a s u i t a b l e  
m a r k e r  for this m e m b r a n e .
T h e r e l a t i v e  i n s o l u b i l i t y  of the e n z y m e  m a d e  s t u d i e s  
on its c h e m i s t r y  e x t r e m e l y  d i f f i c u l t .  V a r i o u s  s o l u b i l i z ­
ing a g e n t s  h a v e  been t e s t e d  and f o u n d  to p r o d u c e  m o d e r a t e ­
ly p u r i f i e d  p r e p a r a t i o n s .  B l a s c h k o  and J a c o b s o n  (1942) 
r e p o r t e d  o b t a i n i n g  c l e a r  s o l u t i o n s  using l y s o l e c i t h l n .  
C o t z i a s  et a l . (1954) m a d e  use o f  a n o n - i o n i c ,  p o l y o x y -  
e t h y l a t e d  d e t e r g e n t  (C u t s c u m ) w i t h  1 s o - o c t y l p h e n o x y p o l y -  
p h e n o x y e t h a n o l  as the a c t i v e  p r i n c i p l e .  T his a g e n t  not 
o n l y  i n c r e a s e d  the a v e r a g e  r e a c t i o n  v e l o c i t y ,  but also
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p r o d u c e d  a s t r i k i n g  t r a n s l u c e n c y  1n the h o m o g e n a t e s .
P a l m e r  (1963) o b t a i n e d  s i m i l a r  r e s u l t s  1n p r e p a r i n g  e x ­
tracts of b a n a n a  p o l y ph e n o l  o xid ase. T h e  same  a u t h o r  r e ­
p o r t e d  a l s o  that Igepal C O - 6 3 0  y i e l d e d  s o l u b i l i z i n g  r e ­
sults c o m p a r a b l e  to C u t s c u m .
R e c e n t l y ,  l i v e r  m o n o a m i n e  o x i d a s e  has been p u r i f i e d  
and a n a l y t i c a l  s t u d i e s  ha ve s h o w n  t h a t  this h i g h l y  p u r i ­
fied e n z y m e  p r e p a r a t i o n  c o n t a i n e d  a high p e r c e n t a g e  of 
c o p p e r  (0.0756) and a f l a v i n - l i k e  p e p t i d e  (Nara and Y a s u n o b u ,  
1966).
Z e l l e r  (1968) s u m m a r i z e d  c u r r e n t  k n o w l e d g e  on the 
c h e m i c a l  c h a r a c t e r i z a t i o n  of this e n z y m e  s y s t e m  w h e n  he 
s t a t e d  t h a t  the te rm m o n o a m i n e  o x i d a s e  i n d i c a t e s  m o r e  than 
one e ntity. H o w e v e r ,  the c h e m ic a l  b a s i s  for the e x i s t e n c e  
of this s u s p e c t e d  g r e a t  n u m b e r  of m u l t i p l e  f o r m s  r e m a in s  
to be e l u c i d a t e d ,  s i n c e  no m o n o a m i n e  o x i d a s e  has b e e n  s u f ­
f i c i e n t l y  p u r i f i e d  to p e r m i t  its. c o m p l e t e  c h e m ic a l  and 
phy s ic a l  a n a l y s i s .  At p r e s e n t ,  it is not p o s s i b l e  to 
d e c i d e  w h e t h e r  t h e r e  are v a r i a t i o n s  1n the p r i m a r y ,  s e c o n ­
d a r y  and t e r t i a r y  s t r u c t u r e s ,  or 1n the a r c h i t e c t u r e  of 
the a c t i v e  and a l l o s t e r l c  s i t e s ;  w h e t h e r  the l o c a l i z a t i o n  
of the e n z y m e  in d i f f e r e n t  cell o r g a n e l l e s  i n f l u e n c e s  the 
r e s p o n s e ,  or w h e t h e r  the f u n c t i o n a l  s t a t e  of m i t o c h o n d r i a  
and the p r e s e n c e  of cell c o m p o n e n t s  u n r e l a t e d  to the e n ­
zyme, a f f e c t  the o u t c o m e  o f  an i n h i b i t o r y  test.
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B. M e t a b o l i c  F u n c t i o n s  a n d  S u b s t r a t e s
O x i d a t i v e  d e a m i n a t i o n  o f a l k y l a m l n e s ,  p h e n y l a l k y l -  
a m i n e s ,  h y d r o x y p h e n y l a l k y l a m i n e s  and i n d o l a l k y l a m i n e s  is 
the p r i m a r y  m e t a b o l i c  f u n c t i o n  of m o n o a m i n e  o x i d a s e ,  and 
the r e a c t i o n  is d e p e n d e n t  on o x y g en  ( B l a sc h k o ,  1952), as 
well as pH ( Co t zi a s  and Dole, 1951b). In a d d i t i o n ,  the 
r e a c t i o n  v e l o c i t y  is s u b o r d i n a t e  to the l e n g t h  of the 
alkyl c h a i n  (Pugh and Q u a s t e l , 1937) or on the s u b s t r a t e  
be i n g  a p r i m a r y ,  s e c o n d a r y ,  or t e r t i a r y  a m i n e  (Kohn, 1937).
D i a m i n e  o x i d a s e  m u s t  be d i s t i n g u i s h e d  c l e a r l y  from 
m o n o a m i n e  o x i d a s e  s i n c e  in r e a c t i o n s  c a t a l y z e d  by the 
former, d e a m i n a t l o n  rate and s u b s t r a t e  a f f i n i t y  do not run 
parallel (Z e l le r  et a l ., 1952).
B l a s c h k o  et a l . (1959) f o u n d  that m o n o a m i n e  o x i d a s e  
can also a t t a c k  d i a m i n e s ,  but o n l y  w h e n  o n e  of the two 
b a s i c  g roups 1s s u b s t a n t i a l l y  w e a k e r  than the other. 
B l a s c h k o  (1963) l i k e w i s e  o b s e r v e d  t h a t  m a n y  n a t u r a l l y  o c ­
c u r r i n g  e x o g e n o u s  a m i n es  and a u t o c o i d s  are i m p o r t a n t  s u b ­
s t r a t e s  of this enzyme. From o b s e r v a t i o n s  on their m e t a b o ­
lism 1n man and in a n i m a l s ,  and f r o m  s t u d i e s  in s i t u , it is 
c l e a r  t h a t  a m i n e s  a t t a c k e d  by m o n o a m i n e  o x i d a s e  in v i t r o  
are also m e t a b o l i z e d  in v i v o , and c o n v e r s e l y ,  m a n y  a mines 
not a t t a c k e d  by the e n z y m e  in vitro are e x c r e t e d  w i t h  their 
a m i n o  g r o u p  still a t t a c h e d .  H o w e v e r ,  m u c h  of the k n o w l e d g e  
of the f u n c t i o n  of a m i n e  o x i d a s e  in vivo rests on the i d e n ­
t i f i c a t i o n  and d e t e r m i n a t i o n  of the a c i d i c  u r i n a r y
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c o n s t i t u e n t s .  It 1s also r e c o g n i z e d  t h a t  the r emoval of 
the b a s i c  g r o u p  1s n o t  n e c e s s a r i l y  the f i r s t  s t e p  1n the 
b r e a k d o w n  and b i o l o g i c a l  i n a c t i v a t i o n  of these amines.
The m o s t  I m p o r t a n t  s u b s t r a t e s  of this e n z y m e  among 
e x o g e n o u s  p r i m a r y  a m i n e s  are  c o m p o u n d s  of high b i o l og i c a l  
a c t i v i t y  p o s s e s s i n g  c y c l i c  c o n s t i t u e n t s .  T h e s e  are d e r i v a ­
tives of b e t a - p h e n y l e t h y l a m i n e ,  t r y p t a m i n e ,  and in s o m e  
cases, h i s t am i n e .  Of the t r y p t a m i n e  d e r i v a t i v e s ,  5- 
h y d r o x y t r y p t a m i n e  is the m o s t  o u t s t a n d i n g  n a t u r a l l y  o c c u r ­
ring s u b s t r a t e  ( B l a s c h k o ,  1963).
C. I n h i b i t o r s  of M o n o a m i n e  O x i d a s e
Many m o n o a m i n e  o x i d a s e  i n h i b i t o r s  e n t e r e d  the c u r ­
rent cli n ic a l  a p p l i c a t i o n  as a u x i l i a r y  a g e n t s  in n e u r o -  
p s y c h i a t r i c  and c a r d i o v a s c u l a r  the r ap y .  T h e r e f o r e ,  this 
s u b j e c t  has r e c e i v e d  n o t a b l e  a t t e n t i o n  s i n c e  195 2 w h e n  the 
r e s e a r c h  g r o u p  led by Z e l l e r  p r o d u c e d  t h e  f i r s t  in v i v o  
i n h i b i t i o n  of this e n z y m e  ( Z e l l e r  et a l . , 1952). In r e c e n t  
y e a r s ,  this class of c o m p o u n d s  has been r e v i e w e d  several 
times (Zeller, 1959; P l e t s c h e r  et a l ., 1960; Ozaki et a l ., 
1960).
A full s e s s i o n  of t h e  T h i r d  I n t e r n a t i o n a l  P h a r m a c o ­
logical M e e t i n g  h e l d  in Sao P aulo, B r a z i l ,  in 1966 w a s  
d e d i c a t e d  to this n e w  and i m p o r t a n t  g r o u p  of s u b s t a n c e s  
(Cheymol and B o l s s i e r ,  e d s . ,  1968).
A r e c e n t  p a p e r  by Levi and M 1 c h e l - B e r  (1968) g a v e  a 
ge n e ra l  e x t e n s i v e  r e v i e w  o f  the d i f f i c u l t i e s  a n d
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c o m p l i c a t i o n s  w h i c h  h a v e  been o b s e r v e d  as a c o n s e q u e n c e  of 
the I n t e r a c t i o n s  b e t w e e n  m o n o a m i n e  o x i d a s e  I n h i b i t o r s  and 
e x o g e n o u s  b i o l o g i c a l l y  a c t i v e  a m i n es  p r e s e n t  in m a n y  food 
p r o d u c t s .
T h e  p rincipal m o n o a m i n e  o x i d a s e  i n h i b i t o r s  c o n t a i n  
e i t h e r  a h y d r az i d e ,  h y d r a z i n e  or an a m i n o  group, and their  
c o m p e t i t i v e  i n h i b i t o r y  a c t i o n  is e i t h e r  r e a d i l y  or less 
r e a d i l y  r e v e r s i b l e .  This r e v e r s i b i l i t y ,  w h i c h  forms the 
basis f o r  t h e i r  v a l u a b l e  p h a r m a c o d y n a m i c  ac t i on ,  d e p e n d s  
on the c h e m i c a l l y  a c t i v e  site and t h e i r  a b i l i t y  to act  
e f f i c i e n t l y  u p o n  the u n s u b s t i t u t e d  ter m in a l  ca r b on  a t o m  
w h i c h  c h a r a c t e r i z e s  all a m i n e  o x i d a s e  s u b s t r a t e s .
P r e s c i n d i n g  f r o m  t h e i r  p r o m i n e n t  p h a r m a c o l o g i c a l  
ac t i on ,  such i n h i b i t o r s  are used to c l a r i f y  q u e s t i o n s  of 
a m i n e  m e t a b o l i s m ,  and to d e t e c t  a m i n e s  w h i c h  c a n n o t  be 
found u n d e r  o r d i n a r y  a n a l y t i c a l  c o n d i t i o n s .
IV. B i o c h e m i s t r y  of 5 - H y d r o x y t r y p t a m i n e
M o s t  of the w o r k  1n p s y c h o p h a r m a c o l o g y  d u r i n g  the 
last f i f t y  y e a r s  has been l i n k e d  to s t u d i e s  on a m i n e s  of 
the b r a i n ,  and 5 - h y d r o x y t r y p t a m i n e  was the f i r s t  one shown 
to be i n f l u e n c e d  by drugs. This c o m p o u n d  was i n d e p e n d e n t l y  
c h a r a c t e r i z e d  by two r e s e a r c h  g roups: V i t t o r i o  E r s p a m e r
(1952) 1n Italy, and Irwin H. Pag e (1957a) in the U n i t e d  
S t a t e s .
S i n c e  the time of its i s o l a t i o n ,  5- h y d r o x y t r y p t a m i n e
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has r e c e i v e d  c o n c e n t r a t e d  a t t e n t i o n ,  and m o r e  1s known of 
Its b i o s y n t h e s i s ,  t i s s u e  d i s t r i b u t i o n  and m e t a b o l i s m  than 
e i t h e r  of the l o n g e r - r e c o g n i z e d  a g e n t s ,  h i s t a m i n e  and e p i ­
nephrine.
A. G eneral O b s e r v a t i o n s
It is g e n e r a l l y  b e l i e v e d  t h a t  5 - h y d r o x y t r y p t a m i n e  
as well as n o r e p i n e p h r i n e  has s o m e  i m p o r t a n t  f u n c t i o n s  in 
the brain. The e v i d e n c e  e x t e n s i v e l y  s u p p o r t s  this h y p o t h e ­
sis, e v e n  t h o u gh  the role still r e m a i n s  to be d e f i n e d  
( H o l m s t e d t  and L l l j e s t r a n d ,  1963).
W o o l l e y  and Sh aw (1954), and G a d d u m  (1953), the 
l a tter i n d e p e n d e n t l y ,  on the basis of e x p e r i m e n t s  with 
lyse rg i c  acid  d i e t h y l a m i d e  s p e c u l a t e d  a b o u t  the role of 
5 - h y d r o x y t r y p t a m i n e  1n normal b r a i n  functi o n s .  W o o l l e y  
(1962) r e f e r r e d  to the s t r i k i n g  s t r u c t u r a l  a n a l o g y  b e t w e e n  
5 - h y d r o x y t r y p t a m i n e  and m a n y  p s y c h o t o m i m e t i c  and h a l l u c i n o ­
genic c o m p o u n d s  (F1g. 2). S t r u c t u r a l  a n a l o g s  and d e r i v a ­
tives of 5 - h y d r o x y t r y p t a m i n e  can e v o k e  1n normal people 
some of the signs of s c h i z o p h r e n i a ,  and t h e y  a c t  like 5- 
h y d r o x y t r y p t a m i n e  on some t i s s u e s  and as a n t i m e t a b o l 1tes 
of 1t 1n others.
P a g e  (1957b) n o t e d  the s i m i l a r i t y  w i t h  a n o t h e r  i m ­
p o r t a n t  c o m p o u n d ,  a uxi n, a p l a n t  h o r m o n e ,  and s u g g e s t e d  
that this s t r u c t u r a l  c o r r e s p o n d e n c e  m i g h t  give a clue to 
some 5 - h y d r o x y t r y p t a m i n e  a c t i v i t i e s ,  such as the abno rmal 
g r owth o f  the l i n i ng  w i t h i n  the h e a r t  in c a r c i n o i d  disease.
Fig. 2. S t r u c t u r a l  a n a l o g s  of 5 - h y d r o x y t r y p t a m i n e .
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The p o s s i b l e  I m p l i c a t i o n s  of this c o m p o u n d  1n h e a r t  
l e s i o n s  was s t u d i e d  by P a r r a t t  (1966) 1n his w o r k  on e n d o ­
m y o c a r d i a l  f i b r o s i s  am o n g  N i g e r i a n s ,  w h o s e  s t a p l e  d i e t  I n ­
c l u d e s  f o o d s  (such as p l a n t a i n s  and b a n a na s )  c o n t a i n i n g  
large a m o u n t s  of 5 - h y d r o x y t r y p t a m 1 n e .  His e x p e r i m e n t s  
d e m o n s t r a t e d  that in p a t i e n t s  w i t h  e n d o m y o c a r d i a l  f i b r os i s ,  
5 - h y d r o x y t r y p t a m i n e  d e r i v e d  f r o m  a p l a n t a i n  meal, as well 
as f r o m  e n d o g e n o u s  o r i g i n ,  is not m e t a b o l i z e d  as e f f e c ­
t i v e l y  as in normal s u b j ec t s .  In a d d i t i o n ,  M c K i n n e y  and 
C r a w f o r d  (1965) w e r e  able to r e p r o d u c e  l e s i o n s  in a n i m a l s  
fed on a p l a n t a i n  d i e t  w h i c h  had c e r t a i n  s i m i l a r i t i e s  to 
h u m a n  e n d o m y o c a r d i a l  f i b r os i s .
5 - H y d r o x y t r y p t a m i n e  has been f o u n d  1n a n u m b e r  of 
t i s s u e s  of m a n y  m a m m a l s  and i n v e r t e b r a t e s  (Erspa m e r ,  1952), 
and 5 - h y d r o x y i n d o l e  c o m p o u n d s  w e r e  f o u n d  1n p l a n t s  
( W i e l a n d  et a l ., 1953; S t o r m b e r g ,  1954; W a a l k e s  et a l ., 
1958).
B. B i o s y n t h e s i s  and S e q u e s t r a t i o n
U d e n f r i e n d  et a l . (1953) have s h o w n  that the b i o ­
c h e m i c a l  f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  b e g i n s  w i t h  
t r y p t o p h a n .  This a m i n o  acid is o x y d l z e d  by an e n z y m e  s y s ­
t e m w h i c h  uses n l c o t l n a m 1d e - a d e n 1n e - d i n u c l e o t i d e - p h o s p h a t e ,  
the p r o d u c t  being 5 - h y d r o x y t r y p t o p h a n .  This i n t e r m e d i a t e  
is then a t t a c k e d  by the e n z y m e  5- h y d r o x y t r y p t o p h a n  d e c a r ­
b o x y l a s e ,  w h i c h  f o r m s  5 - h y d r o x y t r y p t a m i n e  and c a r b o n  d i ­
oxide. L i k e  o t h e r  d e c a r b o x y l a s e s  w h i c h  a t t a c k  a m i n o  a c i d s,
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this one a l s o  em p l oy s  pyr l do x a l  p h o s p h a t e  as c o e n zy m e .
The s a m e  a u t h o r s  e s t a b l i s h e d  a l s o  that 5- h y d r o x y t r y p t a m i n e  
1s not d e r i v e d  f r o m  the h y d r o l y z a t l o n  of t r y p ta m l n e .
U n l i k e  the c o r r e s p o n d i n g  d i c a r b o x y l a s e ,  the hydro- 
la t i ng  e n z y m e  w h i c h  forms 5 - h y d r o x y t r y p t o p h a n  has not been 
p u r i f i e d  s u f f i c i e n t l y .  It is q u i t e  an u n s t a b l e  s ystem,  
and is found in p a r t i c u l a t e  f r a c t i o n  w h e n  cells are d i s ­
r u p t e d  ( U d e n f r i e n d  et a l .. 1960).
W h e n  5 - h y d r o x y t r y p t a m i n e  is I n j e c t e d  into an animal 
1t is r a p i d l y  d e a m i n a t e d  by m o n o a m i n e  oxi d as e .  But c o n ­
v e r s e l y ,  if 5 - h y d r o x y t r y p t o p h a n  is i n j e ct e d ,  it passes 
into the cells of m a n y  o r g a n s ,  and is c o n v e r t e d  into 5- 
h y d r o x y t r y p t a m i n e  at a slow rate, 1n a p l a c e  w h e r e  it is 
not as a c c e s s i b l e  to the a t t a c k i n g  enzy me s .  T h e  net r e s u l t  
1s the I n t r o d u c t i o n  of 5 - h y d r o x y t r y p t a m i n e  w h e r e  it is not 
o r d i n a r i l y  c o n v e y e d  by the blood (i.e., in the b r a i n) ,  and 
c o n s e q u e n t l y  its a u t o c o l d  a c t i o n  is p r o l o n g e d .  Thus, the 
5 - h y d r o x y t r y p t a m i n e  c o n t e n t  of the b r a i n  can be i n c r e a s e d  
by i n j e c t i o n  or p e r f u s i o n  of 5 - h y d r o x y t r y p t o p h a n  (Bogdanski 
et a l ., 1958; W o o l l e y  et a l ., 1957), but not by i n j e c t i o n  
of 5 - h y d r o x y t r y p t a m i n e  (Born et a l ., 1958).
O r d i n a r i l y ,  in animal t i s s u e s ,  5 - h y d r o x y t r y p t a m i n e  
is kept a w a y  f r o m  the actual s t r u c t u r e s  w h i c h  r e s p o n d  to 
1t. An e x a m p l e  is the s i t u a t i o n  of this c o m p o u n d  in the 
b l ood, w h e r e  1t 1s s e q u e s t r a t e d  f r o m  b i o l o g i c a l  a c t i v i t y  
1n the p l a t e l e t s .  O s m o t i c  s h o c k  r u p t u r e s  the h y a l o m e r i c  
m e m b r a n e  (S c h ul z  et a l ., 1964) of p l a t e l e t s  and the
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c o m p o u n d  1s a l l o w e d  to d i f f u s e  out.
C. E n z y m a t i c  D e s t r u c t i o n  and M e t a b o l i c  T r a n s f o r m a t i o n s
F i g u r e  3 i l l u s t r a t e s  the ro u t es  of m e t a b o l i s m  of 
5 - h y d r o x y t r y p t a m i n e . O x i d a t i v e  d e a m i n a t i o n  of this c o m ­
pound y i e l d s  5 - h y d r o x y i n d o l e  a c e t i c  acid, w h i c h  in an i m al s  
is e x c r e t e d  in the u r i n e  ( S j o e r d s m a  et a l ., 1955). In 
s m a l l e r  a m o u n t s  5 - h y d r o x y t r y p t a m i n e  is also c a t a b o l i z e d  to 
the c o r r e s p o n d i n g  a l c o h o l ,  5 - h y d r o x y t r y p t o p h o l  (Davis £ t  
a l ., 1966; K e g l e v l c  et a l ., 1967), w h i c h  is e x c r e t e d  in 
the f r e e  form.
N - m e t h y l a t i o n  of 5 - h y d r o x y t r y p t a m i n e  y i e l d s  N- 
m e t h y l s e r o t o n i n  w h i c h  can be f u r t h e r  m e t h y l a t e d  to N ,N '- 
d i m e t h y l s e r o t o n i n  ( b u f o t e n i n ) .  T h e  r e a c t i o n  is c a t a l y z e d  
by a r e l a t i v e l y  u n s p e c i f i c  N - m e t h y l t r a n s f e r a s e  (Axelrod, 
1962).
A c e t y l a t i o n  of 5 - h y d r o x y t r y p t a m i n e  p r o d u c e s  N- 
a c e t y l - 5 - h y d r o x y t r y p t a m l n e  ( M c l s a a c  and Page, 1959), w h i c h  
is an i n t e r m e d i a t e  in the s y n t h e t i c  p r o c e s s  of m e l a t o n i n  
( 5 - m e t h o x y - N - a c e t y l h y d r o x y t r y p t a m 1 n e )  ( Axelrod and Weiss- 
bach, 1960).
Gross and F r a n z e n  (1964; 1965a) d e m o n s t r a t e d  the 
e x i s t e n c e  of a n o t h e r  m e t a b o l i c  r o u t e  that o c c u r s  f a i r ly  
f r e q u e n t l y ,  i.e., d e a c e t y l a t i o n  of m e l a t o n i n  y i e l d i n g  5- 
m e t h o x y t r y p t a m l n e .  T h e  d i r e c t  0 - m e t h y l a t i o n  to 5 - m e t h o x y -  
t r y p t a m i n e  was f o u n d  by the same a u t h o r s  to take place a l s o  
in v i t r o ,  but to a s u b s t a n t i a l l y  s m a l l e r  extent.





5 - M e t h o x y t r y p t a m i n e  5-Hydrox,y tryptami ne N - M e t h y l - 5- h yd ro x y -  N , N ' - D i m e t h y l - 5-
(Serotonin) t r y p t a m i n e  h y d r o x y t r y p t a m i n e(Bufotenine)
H 3C0 > ^ c h 2c h 2n h c o c h 3 c h 2c h 2n h c o c h ?
5-Metfioxy-N-acetyl serotoni n N - A c e t y l - 5 - hy d r ox y  t r y p t a m i n e(Melatonin)
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On the o t h e r  hand, t r y p t a m i n e  1s o x i d a t i v e l y  de- 
a m l n a t e d  to 1 n d o l e a c e t 1 c  a cid, and the N , N 1- d i m e t h y l t r y p -  
t a m i n e  f o u n d  1n h u m a n  blood and u r i n e  by the a b o v e  au t h or s  
(Gross and F ranzen, 1965b) is p r o b a b l y  p r o d u c e d  by 
m e t h y l a t i o n  of the m o n o m e t h y l  d e r i v a t i v e ,  w h i c h  so far 
has not been traced.
U d e n f r i e n d  et a l . (1959) (also R e v i e w  of L i t e r a t u r e , 
S e c t i o n  II-E) i d e n t i f i e d  5 - h y d r o x y t r y p t a m i n e  and t r y p t a m i n e  
in a l a r g e  n u m b e r  of f r u i t s  and v e g e t a b l e s ,  thus d e m o n ­
s t r a t i n g  t h a t  a m i n o  a c i d  d e c a r b o x y l a t i o n  is n o t  l i m i te d  to 
e x o t i c  and toxic  plants. B a s e d  on p r e l i m i n a r y  s t u d i e s  on 
b a n a n a s ,  the a b o v e  a u t h o r s  w e r e  u n a b l e  to d e m o n s t r a t e  the 
e x i s t e n c e  of the p r e c u r s o r  5 - h y d r o x y t r y p t o p h a n ,  or the 
c o r r e s p o n d i n g  d e c a r b o x y l a t l n g  enzyme. They s u g g e s t e d  the 
n e c e s s i t y  of f u r t h e r  s t u d y  1n o r d e r  to c l a r i f y  the m e c h a ­
n i s m  I n v o l v e d  in a m i n e  f o r m a t i o n  and m e t a b o l i s m  in these 
p l ants,  and to e s t a b l i s h  a c o m p a r i s o n  w i t h  the  s y s t em s  a l ­
r e a d y  d e s c r i b e d  1n a nimal t issues.
T h i s  r e v i e w  of the l i t e r a t u r e  j u s t i f i e s  the need to 
p e r f o r m  an I n v e s t i g a t i o n  Into the f o r m a t i o n  a n d  e n z y m a t i c  
o x i d a t i o n  of 5 - h y d r o x y t r y p t a m i n e  1n M u s a  spp.
E X P E R I M E N T A L
E X P E R I M E N T A L
T h e  p r i m a r y  o b j e c t i v e  of this r e s e a r c h  was to s t u d y  
a s p e c t s  of the p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  p h y s i o l o g i c a l  
and che m ic a l  p a r a m e t e r s  a c c o m p a n y i n g  the b i o c h e m i c a l  f o r m a ­
tion of 5 - h y d r o x y t r y p t a m i n e  in the p o s t - h a r v e s t  banana 
fruit.
B a n a n a s  w e r e  s e l e c t e d  b e c a u s e  of all f r u i ts  and 
v e g e t a b l e s  e x a m i n e d  to d a t e ,  this f r u i t  c o n t a i n s  the 
l a r g e s t  q u a n t i t i e s  of 5 - h y d r o x y t r y p t a m i n e .  B a n a n a s  also 
s h o w  a n o t h e r  i n t e r e s t i n g  a n d  u n i q u e  c h a r a c t e r i s t i c  which 
is the s t r i k i n g  d i f f e r e n c e  b e t w e e n  the e n o r m o u s  a m o u n t  of 
5 - h y d r o x y t r y p t a m i n e  p r o d u c e d  by the peel c o m p a r e d  to the 
a m o u n t s  f o u n d  1n o t h e r  e d i b l e  p l a n t  m a t e r i a l s  and even in 
the pulp of the s a m e  b ana nas.
M o r e  s p e c i f i c a l l y ,  the p u r p o s e  o f  t h e s e  e x p e r i m e n t s  
was to e v a l u a t e  the h y p o t h e s i s  that f o r m a t i o n  of 5 - h y d r o x y -  
t r y p t a m i n e  in the b a n a n a  1s e n z y m a t i c a l l y  c o n t r o l l e d ,  and 
t h a t  some c o n d e n s a t i o n  or c h e m i c a l  s y n t h e s i s  into s u p e r i o r  
s y s t e m s  of a n a l o g s  m i g h t  o c c u r  w h e n  the e n z y m a t i c  r e g u l a ­
tion b e c o m e s  less o p e r a t i v e .
The e x p e r i m e n t a l  r a t i o n a l e  can be s u m m a r i z e d  as f o l ­
lows: a f t e r  e s t a b l i s h i n g  s a m p l e  i d e n t i t y  o f  5 - h y d r o x y ­
t r y p t a m i n e  in b a n a n a s  and s u b s t a n t i a t i n g  the m e t h o d o l o g i c a l  
p r e m i s e s ,  the f o r m a t i o n  of this c o m p o u n d  was s t u d i e d  d u r i ng  
p r e c l i m a c t e r i c ,  c l i m a c t e r i c  and p o s t c l i m a c t e r i c  st a t es ,  in
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a s s o c i a t i o n  w ith r e s p i r a t o r y ,  h y d r o g e n  1on, and a m i n e  o x i ­
dase a c t i vi t y .  A s u b s t r a t e  p r o f i l e ,  u s i n g  d i f f e r e n t  
a mines, was d e v e l o p e d  to o b t a i n  m o r e  I n f o r m a t i o n  on the 
e n z y m a t i c  sy s t em s  i n v o lv e d .  To f u r t h e r  c h a r a c t e r i z e  t h e s e  
s ystems, an 1n vivo i n v e s t i g a t i o n  was d e s i g n e d  using s p e ­
c i f i c  m o n o a m i n e  o x i d a s e  i n h i b i t o r s .  Fin a ll y ,  to f a c i l i ­
tate f u t u r e  r e s e a r c h  d e v e l o p m e n t s  on the b i o c h e m i c a l  fate 
of this c o m p o u n d  in the b a n a na ,  a q u a l i t a t i v e  test for 
a l k a l o i d s  was also p e r f o r m e d  in the d e s i c c a t e d  peel.
I . Samp le s :  S t o r a g e  and M a t u r i t y  D e t e r m i n a t i o n
For the p r e l i m i n a r y  s t u d i e s ,  b a n a n a  fr u i ts  of M. 
c a v e n d i s h i i  ( V a l e r y - C h i q u i t a  Brand) s p e c i e s  w e r e  a c q u i r e d  
as n e e d e d  from local f r u i t  r e t a i l e r s  at the d e s i r e d  c o n d i ­
tion of m a t u r i t y .  T h e  c h r o n o l o g i c a l  h i s t o r y  of the p u r ­
c h a s e d  f r u i t s  was n o t  a s c e r t a i n e d ,  and no a t t e m p t  was m a d e  
to d e t e r m i n e  a n a l y t i c a l l y  if e t h y l e n e  or o t h e r  r i p e n i n g  
stimuli w e r e  a p p l i e d  by the s u p p l i e r s .
In la t e r  s t u d ie s ,  h o w e v e r ,  the b a n a na s  w e r e  p u r ­
c h a s e d  d i r e c t l y  f r o m  a w h o l e s a l e r  (Capitol T o m a t o  C o m p an y , 
Baton R o u g e,  L o u i s i a n a ) .  A f t e r  p u r c h a s e ,  p a r t  of the st o c k  
was b r o u g h t  to the l a b o r a t o r y  in the o r i g i n a l  d e l i v e r y  
b o xes w i t h o u t  a p p l y i n g  a n y . m e t h o d  of c o m m e r c i a l  r i p e n i n g ,  
and w e r e  p r o p e r l y  s t o r e d  at a m b i e n t  t e m p e r a t u r e .  The r e ­
m a i n d e r  of the s t o c k  was m a i n t a i n e d  1n a c o m m e r c i a l  r i p e n ­
ing room and g i v e n  three s u c c e s s i v e  a p p l i c a t i o n s  of
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e t h y l e n e  gas. T h e  c o n c e n t r a t i o n  of the gas was a p p r o x i ­
m a t e l y  o n e  c u b i c  f o o t  of gas to e v e r y  1000 c u b i c  f e e t  of 
air. T h e  t e m p e r a t u r e  of the c h a m b e r  was a d j u s t e d  a f t e r  
each a p p l i c a t i o n  a c c o r d i n g  to the f o l l o w i n g  scheme:
48 h o u r s  at 1 8 . 3 °C  a f t e r  the f i r s t  a p p l i c a t i o n ,  24 hours 
at 1 6 . 7 ° C  a f t e r  the s e c o n d  a p p l i c a t i o n ,  and 24 hours at 
15 . 6 °C  a f t e r  the last a p p l i c a t i o n .  The r i p e n i n g  r o o m  was 
e q u i p p e d  w ith an a u t o m a t i c  a i r  h u m i d i f i e r ,  and the r e l a t i v e  
h u m i d i t y  was m a i n t a i n e d  at 90 to 95% d u r i n g  the e n t i r e  
r i p e n i n g  period.
In the q u a n t i t a t i o n  of 5 - h y d r o x y t r y p t a m i n e ,  the 
st a g e  of m a t u r i t y  was m a i n l y  e s t i m a t e d  on the basis of peel 
color, and the a r b i t r a r y  r a n g e  u t i l i z e d  was f r o m  No. 2 to 
No. 8 of the von L o e s e c k e  (1950) c o l o r  scale. I n t e r p o l a t e d  
c o l o r  v a l u e s  w e r e  I n t r o d u c e d ,  and w e r e  l a b e l l e d  r e f e r r i n g  
to the c l o s e s t  h i g h e r  s c a l e  v a l u e,  such as 2a, 2b, 2c, etc. 
Two a d d i t i o n a l  d e g r e e s  of a d v a n c e d  s e n e s c e n c e  w e r e  also 
c o n s i d e r e d .  T h e s e  w e r e  c l a s s i f i e d  as d a r k  (D), and dark- 
a n d - d r y  (DD), r e s p e c t i v e l y .  C h a r a c t e r i s t i c s  of t h e s e  
stages are: c o m p l e t e l y  d a r k  skin, d r a s t i c  s o f t e n i n g  of the
ti s s ue  f o l l o w e d  by I n c r e a s e d  m o i s t u r e  loss, and, s u b s e ­
q u e n t l y ,  total h a r d e n i n g  of the fruit. O c c a s i o n a l l y ,  to 
i n h i b i t  m o l d  g r o w t h ,  the f r u i t s  in these l a t e r  st a g es  w e r e  
s p r a y e d  w i t h  a c o m m e r c i a l  a n t i - m o l d  s o l u t i o n ,  and m a i n ­
ta i n ed  at a p r e c h l l U n g  t e m p e r a t u r e  of 2°C.
In e x p e r i m e n t s  I n v o l v i n g  e n z y m a t i c  s t u d i e s ,  the d e ­
gree of m a t u r i t y  was d e t e r m i n e d  by v a lues d e r i v e d  f r o m  the
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fr u i t  r e s p i r a t o r y  rates m e a s u r e d  1n a s t a t i c  system. E m ­
p l o y in g  a W a r b u r g  c o n s t a n t  v o l u m e  r e s p i r o m e t e r ,  the a m o u n t  
of o x y g e n  a b s o r b e d  by the r e s p i r i n g  t i s s u e  was e s t a b l i s h e d  
using the W a r b u r g  d i r e c t  m e t h o d  and the m a n o m e t r i c  t e c h ­
n iques as o u t l i n e d  by U m b r e i t  et a l . (1949). The t i s s u e  
p r e p a r a t i o n  was c a r r i e d  out in the f o l l o w i n g  way; a f t e r  a 
rough e s t i m a t i o n  of the s t a g e  of m a t u r i t y  based  on s u b j e c ­
tive e v a l u a t i o n  of peel color, plugs of t i s s u e  w e r e  p r e ­
pared by r e m o v i n g  p o r t i o n s  of b o t h  peel and pulp f r o m  d i f ­
f e r e n t  parts of the f r u i t  by mean s of a cork b o r e r  having 
a d i a m e t e r  of 8 - 1 0  mm. T h e s e  plugs w e r e  then cut to u n i ­
form le n g th ,  i m m e d i a t e l y  s u s p e n d e d  in 3 ml of 0 . 0 0 2  M 
s o d i u m  p h o s p h a t e  b u f f e r  (pH 7.5), w e i g h e d ,  and p l u n g e d  into 
a m a n o m e t r i c  flask. R e a d i n g s  w e r e  ta ken e v e r y  five m i n u t e s  
for a m a x i m u m  time of t w e n t y - f i v e  m i n u t e s .  R e s u l t s  w e r e  
e x p r e s s e d  in m i c r o l i t e r s  of o x y g e n  c o n s u m e d  per m i n u t e  per 
g r a m  of tissue. This p r o c e d u r e  s u p p l i e d  a s i m p l e  c r i t e r i o n  
for d i f f e r e n t i a t i n g  a m o n g  p r e c l I m a c t e r i c , c l i m a c t e r i c ,  and 
p o s t c l i m a c t e r i c  fruit.
I I . E x t r a c t i o n  of 5-Hydrox.ytryptamine
5 - H y d r o x y t r y p t a m i n e  was e x t r a c t e d  f r o m  the peel and 
the p u l p  of b a n a n a s  u s i n g  a m o d i f i e d  p r o c e d u r e  of the 
m e t h o d  d e s c r i b e d  by P a r r a t t  and W e s t  (1957). Peel and pulp 
f r o m  the w h o l e  f r u i t  w e r e  cut s e p a r a t e l y  Into small p i e c es 
with a s t a i n l e s s  steel knife. A f t e r  a partial
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h o m o g e n i z a t i o n ,  r a n d o m  p i e c e s  w e r e  s e p a r a t e d  to m a k e  up a 
w e i g h e d  s a m p l e  (5g) of t i s s u e  w h i c h  was c r u s h e d  with a 
small a m o u n t  of s a n d  1n a m o r t a r  a nd pestle. A c e t o n e  was 
then a d d e d  1n the r a t i o  of five parts (v/w) of a c e t o n e  to 
one part of tissue. The e x t r a c t  r e m a i n e d  at r o o m  t e m p e r a ­
ture with s o m e  s t i r r i n g  fo r a b o u t  two hours. Wh en it was 
not c o n v e n i e n t  to a s s a y  the e x t r a c t s  the same day, t h e y  
w e r e  s t o r ed  at 4°C for an a d d i t i o n a l  t w e n t y - f o u r - h o u r  
p e r i o d  ( Pa rratt , 1971). The a c e t o n e  was d e c a n t e d ,  and the 
t i s s u e s  w e r e  r e - e x t r a c t e d  w i t h  f i v e  parts of 8 0 %  (v/v) 
a q u e o u s  a c e t o n e  f o r  an a d d i t i o n a l  p e r i o d  of 30 m i n u t e s .
The c o m b i n e d  a c e t o n e  f i l t r a t e s  w e r e  then e x p o s e d  to a i r  
b e l o w  30°C to e v a p o r a t e  the sol v en t .  W h e n  the a c e t o n e  had 
c o m p l e t e l y  e v a p o r a t e d ,  the r e s i d u e  ( c o n t a i n i n g  the 5- 
h y d r o x y t r y p t a m i n e )  was b r o u g h t  to d e s i r e d  v o l u m e  ( u s u a l l y  
1 to 10 m l / g  of o r i g i n a l  m a t e r i a l )  w i t h  0.1 N h y d r o c h l o r i c  
acjd, and then  f i l t e r e d  t h r o u g h  m u s l i n  w h e n  r equired.
III. C h a r a c t e r i z a t i o n  and D e t e r m i n a t i o n  
of 5 - H y d r o x y t r y p t a m 1 n e
A. C o l o r i m e t r i c  D e t e r m i n a t i o n
This p r o c e d u r e  calls for an e x h a u s t i v e  e x t r a c t i o n  
of the a c e t o n e  r e s i d u e  w i t h  n - b u t a n o l  f r o m  a s a l t - s a t u r a t e d  
s o l u t i o n  b u f f e r e d  to pH 10 w i t h  b o r a t e  buffer. In o r d e r  to 
p r e p a r e  the c o m p o u n d  for the c o l o r i m e t r i c  t e c h n i q u e  the 
e l a b o r a t e  p r o c e d u r e  o f  U d e n f r i e n d  et a l . (1955) was
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f o l l o w e d  in detail with the o b j e c t i v e  of r e m o v i n g  i n t e r ­
f e r i n g  s u b s t a n c e s  such as 5 - h y d r o x y t r y p t o p h a n ,  t r y p t o p h a n ,  
and n o r m a l l y  o c c u r r i n g  blank i m p u r i t i e s .  T h e  5 - h y d r o x y ­
t r y p t a m i n e  was then r e m o v e d  to an a q u e o u s  p h a s e  by r e d u c i n g  
the p o l a r i t y  of n - b u t a n o l  by a d d i t i o n  of heptane. The 
a q u e o u s  l a y e r  o b t a i n e d  at the end of this e x t r a c t i o n  was 
a c i d i f i e d  w i t h  0 . 2  h y d r o c h l o r i c  acid, and a s s a y e d  c o l o r i -  
m e t r l c a l l y  using 1 - n i t r o s o - 2 - n a p h t h o l .  The a b s o r p t i o n  
s p e c t r u m  of the 5 - h y d r o x y t r y p t a m i n e  c h r o m o p h o r e  was r e ­
c o r d e d  on a B ausch & Lomb model S p e c t r o n l c  600 s p e c t r o ­
p h o t o m e t e r  e q u i p p e d  with a V.O. M- 5 r e c o r d e r .  C o l o r i m e t r i c  
r e a d i n g s  w e r e  t a k e n  at 535 nm, the m a x i m u m  a b s o r p t i o n  peak 
o b t a i n e d  on the B a u s c h  & Lomb a p p a r a t u s  for 5 - h y d r o x y -  
t r y p t a m i n e .  S t a n d a r d s  of 5 - h y d r o x y t r y p t a m i n e  as the 
c r e a t i n i n e  s u l f a t e  c o m p l e x  ( N . B . C . ,  C l e v e l a n d ,  Ohio) w e r e  
p r e p a r e d  a nd c a r r i e d  t h r o u g h  t h e  e n t i r e  p r o c e d u r e  in e v e r y  
c o l o r i m e t r i c  d e t e r m i n a t i o n  of s a m p l e s  in o r d e r  to e s t i m a t e  
the p e r c e n t a g e  of r e c o ve r y .
B. F l u o r o m e t r i c  A s s a y
This m e t h o d  r e p r e s e n t e d  the p r e f e r e n t i a l  a n a l y t i c a l  
p r o c e d u r e  f o r  5 - h y d r o x y t r y p t a m i n e  1n this i n v e s t i g a t i o n .
The t e s t  is p r e c i s e ,  rapid, and p r o v i d e s  the s e n s i t i v i t y  
n e c e s s a r y  f o r  d e t e c t i o n  of c o n c e n t r a t i o n s  b e l o w  the m i c r o ­
g r a m  level. The p r e p a r a t i o n  o f  the s a m p l e  was p e r f o r m e d  
by e x t r a c t i n g  the a c e t o n e  r e s i d u e  f r o m  a s a l t - s a t u r a t e d  
a l k a H n l z e d  h o m o g e n a t e  w i t h  n - b u t a n o l  as d e s c r i b e d  a b o v e
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(E x p e r i m e n t a l , S e c t i o n  II). C o n c e n t r a t e d  h y d r o c h l o r i c  
acid i n s t e a d  of 0 . 2  N was a d d e d  to the a q u e ou s  s o l u t i o n  to 
b r i n g  it to 3 N. This c h a n g e  in n o r m a l i t y  was done for 
the f o l l o w i n g  reason: a c t i v a t i o n  of 5 - h y d r o x y i n d o l e s
oc c u r s  m a x i m a l l y  at 295 nm, c o i n c i d i n g  w i t h  one of the 
peaks in the a b s o r p t i o n  s pe ctrum . In d i l u t e  acid or at 
neutral pH, the m a x i m u m  of e m i s s i o n  o c c u r s  at 330 nm. In 
s t r o n g e r  acid (3 N HC1) 5 - h y d r o x y i n d o l e s  f l u o r e s c e  m a x i ­
m a l l y  at 550 nm. The s h i f t  1n f l u o r e s c e n c e  f r o m  the u l t r a ­
v i o l e t  to the v i s i b l e  ra n g e  w i t h  increased a c i d i t y  is r e ­
v e r s i b l e  and is not a c c o m p a n i e d  by a c h a n g e  in the a b s o r p ­
tion spec tr u m .  The s h i f t  of f l u o r e s c e n c e  is s t r o ng ,  and 
is a f u n c t i o n  of the p h e n o l i c  group, thus d i s t i n g u i s h i n g  
5 - h y d r o x y i n d o l e s  from o t h e r  i n d o l e s  ( U d e n f r i e n d  et a l ., 
1958). F l u o r o m e t r i c  c h a r a c t e r i z a t i o n  of 5 - h y d r o x y t r y p t ­
am i n e  f r o m  c i s s u e  e x t r a c t s  was a c c o m p l i s h e d  by r e c o r d i n g  
s e p a r a t e  a c t i v a t i o n  and e m i s s i o n  s p e c t r a  f r o m  s a m p l e  and 
s t a n d a r d  in s t r o n g  acid m e d i u m  (3 N H C 1 ) using a l u m i n e s ­
ce n c e  s p e c t r o p h o t o m e t e r  a s s e m b l e d  in the C h e m i s t r y  D e p a r t ­
m e n t  at L o u i s i a n a  State U n i v e r s i t y ,  Baton R o u g e,  having 
the f o l l o w i n g  units: 1) e x c i t a t i o n  m o n o c h r o m a t o r  Car y -1 5 ;
2) C a r y  light s o u r c e  4 5 0 - w a t t - x e n o n  s h o r t  arc; 3) e m i s s i o n  
m o n o c h r o m a t o r  J a r r e l 1- A S H - y  m e t e r  m a r k  V; 4) p h o t o t u b e  
E M I - 9 5 5 8 Q - B ;  5) e l e c t r o n i c s :  P r i n c e t o n  A p p l i e d  R e s e a r c h
C o r p o r a t i o n  p h a s e - s e n s i t i v e  d e t e c t i o n  s ystem; 6 ) H e w l e t t -  
P a c k a r d  XY R e c o r d e r  Model 7004A.
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R o u t i n e  f l u o r o m e t r l c  d e t e r m i n a t i o n s  w e r e  c a r r i e d  
out on a T u r n e r  f l u o r o m e t e r  Model 110 at 550 nm 1n st r o ng  
acid (3 Nl HC1) u s i n g  p r i m a r y  f i l t e r  # 1 1 0 - 8 1 0  (7-54) c o u p l e d  
to # 1 1 0 - 8 3 5  (0-53), and s e c o n d a r y  f i l t e r  # 1 1 0 - 8 1 8  (2A-12) 
c o u p l e d  to a C o r n i n g  4-97. A low s e n s i t i v i t y  m e r c u r y  lamp 
# 1 1 0 -8 5 1  was e m p l o y e d  as light source. S t o c k  s o l u t i o n s  of 
s t a n d a r d s  w e r e  p r e p a r e d  by d i s s o l v i n g  a u t h e n t i c  5 - h y d r o x y ­
t r y p t a m i n e  as the c r e a t i n i n e  s u l f a t e  c o m p l e x  in a c i d i f i e d  
(pH 5.7) d i s t i l l e d  w a t e r  e n o u g h  to o b t a i n  a c o n c e n t r a t i o n  
of 10 m i c r o g r a m s  per m i l l i l i t e r .  T h e  n o r m a l i t y  of  this 
s o l u t i o n  was r a i s e d  to 3 N o n l y  at the time of use. The 
c o n c e n t r a t i o n  of the u n k n o w n  was c a l c u l a t e d  by the s i n g l e  
ratio: R u / R s x s t a n d a r d  c o n c e n t r a t i o n ,  w h e r e  R u is the
dial r e a d i n g  from the s a m p l e  and R $ is the dial r e a d i n g  
f r o m  the s t a n d a r d .  W h e n e v e r  n e c e s s a r y ,  the s a m p l e s  w e r e  
p r o p e r l y  d i l u t e d  to fit the s e n s i t i v i t y  r a n g e  of the 
I n s t r u m e n t .
C. P a p e r  C h r o m a t o g r a p h y
E x t r a c t s  m a d e  e i t h e r  w i t h  a c e t o n e  or d i l u t e d  h y d r o ­
c h l o r i c  a c i d  w e r e  c h r o m a t o g r a p h e d  on W h a t m a n  #4 p a p e r  
us i n g  10515 (w/v) s o d i u m  c h l o r 1de-lS> (v/v) a c e t i c  a c i d  m i x ­
ture (Cu r zo n ,  1955) 1n d e s c e n d i n g  t e c h n i q u e s  and o n e ­
d i m e n s i o n a l  c h r o m a t o g r a p h i c  sy s t em .  The d e v e l o p e d  c h r o ­
m a t o g r a p h s  w e r e  d e t e c t e d  by p - d i m e t h y 1a m 1n o b e n z a l d e h y d e  
s o l u t i o n  (2g d i s s o l v e d  1n 5 ml of c o n c e n t r a t e d  h y d r o c h l o r i c  
a c id and 95 ml of d i s t i l l e d  w a t e r ) .
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IV. A n a l y t i c a l  P r o c e d u r e s  A p p l i e d  to Food P r o d uc t s
As a c o n t r i b u t i o n  to the k n o w l e d g e  of the c o n t e n t  
of p h y s i o l o g i c a l l y  a c t i v e  a m i n e s  in c o m m o n  foods, c o l o r i ­
m e t r i c  and f l u o r o m e t r i c  a s s a y s  w e r e  a p p l i e d  to 23 food 
p r o d u c t s  c o n t a i n i n g  b a n a n a s  (14 "Baby foods" and 9 o t h e r  
m a r k e t  bra n ds ) .  The r e p r o d u c i b i l i t y  of res u lt s  was t ested 
by d u p l i c a t e  runs on the s a m e  p r o d u c t  f r o m  d i f f e r e n t  e x ­
t r a c t i o n s ;  by the c o m p a r i s o n  b e t w e e n  two m e t h o d s  of d e t e r ­
m i n a t i o n ;  and by c a r r y i n g  known a m o u nt s  of a u t h e n t i c  5- 
h y d r o x y t r y p t a m i n e  t h r o u g h o u t  the e n t i r e  e x t r a c t i o n  and d e ­
t e c t i o n  p r o c e d u r e s .
V. P o t e n t i o m e t r i c  M e a s u r e m e n t s
T h e  c h a n g e  1n pH of  b a n a n a s  d u r i n g  s t o r a g e  and 
m a t u r a t i o n  was m e a s u r e d  s e p a r a t e l y  in the pulp  and 1n the 
peel us i n g  a l i q u o t s  o f  1Og of t i s s u e  d i l u t e d  in 100 ml of 
d i s t i l l e d  w a t e r.  The m i x t u r e  w a s  h o m o g e n i z e d  in a glass 
W a r i n g  b l e n d o r ,  and the h y d r o g e n  1on a c t i v i t y  was m e a s u r e d  . 
w i t h  a C o r n i n g  Model 10 p o t e n t i o m e t e r .  T i t r a t a b l e  a c i d i t y  
w a s also d e t e r m i n e d  e m p l o y i n g  a 0.1 N s o l u t i o n  of p o t a s s i u m  
h y d r o x i d e  and pH 8.1 was s e l e c t e d  as the n e u t r a l i z a t i o n  
p o i n t  on the s ame i n s t r u m e n t .
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V I . P r e p a r a t i o n  of Ext r ac t s  
with A m i n e  O x i d a s e  A c t i v i t y
T h e  p r e s e n t  i n v e s t i g a t i o n  was c o n c e r n e d  w i t h  i s o l a ­
tion of a f r a c t i o n  w i t h  am i n e  o x i d a s e  a c t i v i t y ,  and p o s ­
s i b l y  a f r a c t i o n  with s p e c i f i c  m o n o a m i n e  o x i d a s e  a ctivity. 
P a l m e r  (1963) was a b l e  to s u c c e s s f u l l y  o b t a i n  s a t i s f a c t o r y  
e n z y m e  p r e p a r a t i o n s ,  u s i n g  d o p a m i n e  as s u b s t r a t e ,  from 
ba n a na s  by r e n d e r i n g  his e x t r a c t s  s o l u b l e  w i t h  a b u f f e r e d  
d e t e r g e n t  s o l u ti o n .  This t e c h n i q u e  was o r i g i n a l l y  d e v e l ­
o p e d  by C o t z i a s  et a l . (1954) in st u d i e s  on m o n o a m i n e  o x i ­
dases in animal tissues. In a d d i t i o n ,  several w orks on 
e n z y m e s  have s h o w n  t h a t  1n m a m m a l i a n  ti s s ue s  a n u m b e r  of 
o x i d a s e s  are a s s o c i a t e d  wi th the m i t o c h o n d r i a  ( Hawki ns, 
1951) (also R e v i e w  of L i t e r a t u r e , S e c t i o n  III-A, 1).
T h e  a b o v e  c o n s i d e r a t i o n s  taken f r o m  par a ll e l  w o r k s  
1n animal s y s t e m s  d e t e r m i n e d  the p r e f e r e n t i a l  c h o i c e  m a d e  
In the p r e s e n t  i n v e s t i g a t i o n  of the b a n a n a  m i t o c h o n d r i a l  
f r a c t i o n  as a s o u r c e  of a m i n e  oxidase.
A. Dry P r e p a r a t i o n
Ba n a n a  p u l p  and peel f r o m  f r u i ts  at d i f f e r e n t  stages 
of m a t u r i t y  w e r e  cut I n t o  thin s lices, i m m e r s e d  in l i q u id  
n i t r o g e n  and f r e e z e - d r i e d  to a t e m p e r a t u r e  of 1 7 . 3 ° C  at 
the p r o d u c t  level. T h e  l y o p h i l 1 z a t 1 o n  a p p a r a t u s  (Model 
U n i v e r s a l  S u b m o b i l - 1 5 ,  V 1 r t 1s )  was set at a s h e l f  t e m p e r a ­
t u r e  of -7°C and a c o n d e n s e r  t e m p e r a t u r e  of -27.5°C. The 
l y o p h i l i z e d  s l i c e s  w e r e  p l a c e d  into p l a s t i c  c o n t a i n e r s ,
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v a c u u m  s e a l e d  and s t o r e d  at a t e m p e r a t u r e  of 4°C for a 
p e r i o d  of 15 days. T h e  p u r p o s e  of these p r e p a r a t i o n s  was 
to c o m p a r e  e n z y m e  a c t i v i t y  and s t a b i l i t y  of the f r a c t i o n s  
o b t a i n e d  by i m m e d i a t e l y  p r o c e s s e d  fruits.
Pr i o r  to e n z y m e  e x t r a c t i o n ,  the s l i c e s  were p u l ­
v e r i z e d  in a p r e c h l l l e d  m o r t a r  an d pe stle. A l i q u o t s  of 
25g of p o w d er  w e r e  s u s p e n d e d  in 50 ml o f e x t r a c t i o n  m e d i a  
(E x p e r i m e n t a l , S e c t i o n  VI-B), and s o l u b i l i z e d  in a s o n i c  
v i b r a t o r  (Model W - 1 4 0  S o n i f 1 e r - H e a t  S y s t e m - U l t r a s o n i c  Inc.) 
e q u i p p e d  with a c o o l i n g  bath. T h e  r e s u l t i n g  s l u r r y  was 
t a k e n  I m m e d i a t e l y  t h r o u g h  the d i f f e r e n t i a l  c e n t r i f u g a t i o n  
o u t l i n e d  below.
B. M i t o c h o n d r i a l  F r a c t i o n
A m o d i f i e d  p r o c e d u r e  of the m e t h o d  o r i g i n a l l y  d e ­
s c r i b e d  by H a a r d  (1967) f o r  I s o l a t i o n  of m i t o c h o n d r i a  1n 
b a n a n a s  was f o l l o w e d  for the e n z y m e  e x t r a c t i o n .  S a m p l e s  
of 200g f r o m  e i t h e r  peel and p u l p  of b a n a n a s  at d i f f e r e n t  
d e g r e e s  of r i p e n e s s  w e r e  c u t  I nto thin s l i c e s  with a 
s t a i n l e s s  steel k n i f e,  d i p p e d  I m m e d i a t e l y  i n t o  l iquid 
n i t r o g e n ,  and p u l v e r i z e d  1n a m o r t a r  a nd pestle. The 
f r o z e n  p o w d e r  w as h o m o g e n i z e d  w i t h  500 ml of an e x t r a c t i o n  
m e d i u m  c o n s i s t i n g  of the f o l l o w i n g  i n g r e d i e n t s :  160 m m o l e s
of s u c r o s e  ( M a l l I n c k r o d t ,  r e a g e n t ) ,  2 m m o l e s  of m a g n e s i u m  
c h l o r i d e  (J. T. B a k e r ) ,  2 m m o l e s  of e t h y l e n e d l n l t r l l o -  
t e t r a c e t i c  a c i d  ( E a s t m a n  O r g a n i c  C h e m i c a l s ,  P r a c t i c a l ) ,
2.5g of c a s e i n  ( N.B.C., C l e v e l a n d ,  Ohio) 1n a total v o l u m e
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of 500 ml. T i s s u e s  w e r e  a d d e d  to the e x t r a c t i o n  m e d i u m  in 
small p o r t i o n s ,  the m i x t u r e  was c o n t i n u o u s l y  s t i r r e d  and 
the pH was a d j u s t e d  to 8.2 w ith 158 p o t a s s i u m  h y d r o x i d e  
a f t e r  each t i s s u e  a d d i t i o n .  The s l u r r y  was then p o u r e d  
into f o u r  250-ml p o l y p r o p y l e n e  c e n t r i f u g e  b o t t l e s  and 
p r o c e s s e d  in a S orval l Typ e RC - 2 B  r e f r i g e r a t e d  c e n t r i f u g e  
at 5,0 00 R P M  ( G S A -r o t o r )  for 10 m i n u t e s .  The s u p e r n a t a n t  
was p o u r e d  into c e l l u l o s e  a c e t a t e  tubes e q u i p p e d  with 
a l u m i n u m  s e a l i n g  caps and c e n t r i f u g e d  at 3 0 , 0 0 0  RPM 
( 3 0 - ro t o r )  for 15 m i n u t e s  on a B e c k m a n  Model L2-HV u l t r a -  
c e n t r i f u g e .  The p e l l e t s  o b t a i n e d  a f t e r  d r a i n a g e  of the 
s u p e r n a t a n t  w e r e  s u s p e n d e d  1n 50 ml of 0 . 4  M s u c r o s e  and 
0.01 M Tr1s a d j u s t e d  to pH 7.5 w i t h  the help of a C y c l o -  
M 1 x e r  A d a m s  Model A- 4 0 00 .  T h e  s u s p e n s i o n  was then c e n t r i ­
f u g e d  at 4 , 0 0 0  RPM (SM-24 rotor) for 5 m i n u t e s  in a S o r ­
vall r e f r i g e r a t e d  c e n t r i f u g e .  The s u p e r n a t a n t  was d e ­
c a n t e d  I n t o  a c e t a t e  tubes and c e n t r i f u g e d  at 3 0 , 0 0 0  RPM 
( 3 0 - ro t o r )  f o r  15 m i n u t e s .  The r e s u l t i n g  p e l l et s  w e r e  
r e - s u s p e n d e d  in a p p r o p r i a t e  v o l u m e s  of 0 . 4  M s u c r o s e  and 
0.01 M T r 1 s ,  and a ss a ye d .
All o p e r a t i o n s  i n v o l v i n g  p r e p a r a t i o n  of e x t r a c t s  
w e r e  p e r f o r m e d  at 1°C and all c e n t r i f u g a t i o n s  w e r e  d o n e  in 
a c o l d  r o o m  or r e f r i g e r a t e d  c e n t r i f u g e .
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V I I . D e t e r m i n a t i o n  of Pro t ei n
T h e p r o t e i n  c o n c e n t r a t i o n  of e x t r a c t s  was d e t e r ­
m i n e d  by the c o l o r i m e t r i c  p r o c e d u r e  of L o w r y  et a l . (1951) 
e m p l o y i n g  c o p p e r  s u l f a t e  (1%) and s o d i u m  p o t a s s i u m  t a r ­
trate {2%) r e a g e n t s .  C r y s t a l l i n e  s e r u m  a l b u m i n  was used 
as a stan da r d .  T h e  op t i ca l  d e n s i t y  of the s o l u t i o n  was 
read at 750 nm and the p r o t e i n  c o n c e n t r a t i o n  was c a l c u l a t e d  
from a s t a n d a r d  c u r v e .  The p r o t e i n  n i t r o g e n  for the m a n o ­
m e t r i c  d i r e c t  m e t h o d  ( Q q ^  N) was d e t e r m i n e d  by d i v i d i n g  
the p r o t e i n  c o n c e n t r a t i o n  of the p r e p a r a t i o n  in the f l a s k  
by a f a c t o r  of 6 . 2 5  b a s e d  on the a s s u m p t i o n  t h a t  e n z y m e  
p r o t e i n  is 16% n i t r o g e n .
VIII. Use of I n h i b i t o r s
The e f f e c t  of several m o n o a m i n e  o x i d a s e  i n h i b i t o r s  
was s t u d i e d  in the w h o l e  f r u i t  of b a n a n a s  by the f o l l o w i n g  
e x p e r i m e n t :  the tip of c l i m a c t e r i c  f r u i t  was cut off at
one e x t r e m e  (the s t e m  p oint) and the f r u i t  was d i p p e d  with 
the cut end into a s o l u t i o n  c o n t a i n i n g  a known c o n c e n t r a ­
tion of the i n h i b i t o r y  s u b s t a n c e  (Fig. 17). A i r  was 
a l l o w e d  to c i r c u l a t e  f r e e l y  in the c o n t a i n e r s  w h i c h  w e r e  
m a i n t a i n e d  at r o o m  t e m p e r a t u r e  for six days. A t  the end 
of this p e r i o d ,  the f r u i t s  w e r e  r e m o v e d  and the a m o u n t  of 
5 - h y d r o x y t r y p t a m i n e  was e s t i m a t e d  both 1n pulp and peel 
e m p l o y i n g  the r o u t i n e  f l u o r o m e t r l c  t e c h n i q u e s  (E x p e r i m e n t a l , 
S e c t i o n  III-B). R e s u l t s  w e r e  c o m p a r e d  w i t h  p ar a ll e l
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cont ro l s :  C ontrol I, f r u i t  i m m e r s e d  1n d i s t i l l e d  water;
C o ntrol  II, f r u i t  n o n - i m m e r s e d .  The f o l l o w i n g  s u b s t a n c e s  
w e r e  used as i n h i bi t o r s :  i s o c a r b o x a z i d  ( M a r p l a n - R o c h e
Lab.) at c o n c e n t r a t i o n  levels of 10, 50, and 100 m i l l i g r a m /  
100 ml d i s t i l l e d  w a t e r ;  p h e n e l z i n e  ( N a r d i 1 - W a r n e r , Chil- 
cott Lab.) at levels of 75, 150, and 225 m i l l i g r a m / 1 0 0  ml 
d i s t i l l e d  w a t e r ;  t r a n y l c y p r o m i n e  (P a r n a t e - S m i t h  Kline & 
Fr e n c h  Lab.) at levels of 50, 100, and 200 m i l l i g r a m s /
100 ml d i s t i l l e d  w a t e r;  and ethyl a lcohol ( Reagent) at 
levels of 503S and 95%, r e s p e c t i v e l y .
T h e  I n h i b i t i n g  s u b s t a n c e s  w e r e  p u r c h a s e d  from local 
s u p p l i e r s  in the f o r m  of d r u g s t o r e  p r e p a r a t i o n s  and c o n d i ­
ti o n e d  to the e x p e r i m e n t  by r e m o v i n g  the p r o t e c t i n g  coats 
w i t h  m i l d  alkali (2% N aOH), p u l v e r i z i n g  the b i n d e r  1n a 
m o r t a r ,  and d i s s o l v i n g  the m a t e r i a l s  in d i s t i l l e d  w a t e r  in 
a p p r o p r i a t e  a m o u n t s  a c c o r d i n g  to the r e l a t i v e  s o l u b i l i t y  
of each s u b s t a n c e  to o b t a i n  the d e s i r e d  level of c o n c e n ­
tration.
IX. A s s a y  P r o c e d u r e s
A. M a n o m e t r i c  M e a s u r e m e n t s
A W a r b u r g  c o n s t a n t  v o l u m e  r e s p i r o m e t e r  w a s  e m p l oy e d  
for m e a s u r i n g  the u p t a k e  of o x y g e n  m a n o m e t r l c a l l y  at a 
r e a c t i o n  t e m p e r a t u r e  of 28°C. R e a d i n g s  w e r e  t a k e n  at 0, 5, 
10, 2 0 , and 30 m i n u t e s  e x c e p t  w h e n  total o x y g e n  u p t a k e  was 
m e a s u r e d ,  1n w h i c h  c a s e  r e a d i n g s  w e r e  taken  at 3 0 - m i n u t e
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I n t e r v a l s  until o x y g e n  c e a s e d  to be a b s o r b e d .
The a s s a y  c o n d i t i o n s  of r e a c t a n t s  for the k i n e t i c s  
e m p l o y i n g  full r i p e  b anana p u l p  and v a r i o u s  a m i n e s  as s u b ­
st r a te s  w e r e  as f o l l ow s :  0.5 ml of 15% p o t a s s i u m  h y d r o x ­
ide in the c entra l cup w i t h  a f i l t e r  p a p e r  wick; 0.5 ml of 
s u b s t r a t e  ( d i f f e r e n t  c o n c e n t r a t i o n s  f o r  kine ti c s ,  and 
0.01 M for p r o f i l e )  plus 1 .0 ml of p h o s p h a t e  b uffer ,
0.064 M in the m a i n  c o m p a r t m e n t  of the m a n o m e t r i c  flask.
The e n z y m e  e x t r a c t  (1.0 ml) w a s  a d d e d  t h r o u g h  the 
side arm. Final v o l u m e  of the r e a c t i o n  m i x t u r e  n e v e r  e x ­
c e e d e d  the 3.0-ml level.
For the e f f e c t  of h y d r o g e n  ion a c t i v i t y  on the o x i ­
d a t i o n  rates of 5 - h y d r o x y t r y p t a m i n e  a n d  4 - h y d r o x y p h e n -  
e t h y l a m l n e  o n l y  the pH of the b u f f e r  s o l u t i o n  was m o d i f i e d ,  
all t he o t h e r  c o n d i t i o n s  being the same.
A f t e r  a 1 0 - m i n u t e  e q u i l i b r a t i o n  p e r i o d  the side arm 
c o n t a i n i n g  the e n z y m e  p r e p a r a t i o n  was d i p p e d  into the m a i n  
c o m p a r t m e n t  of the flask, and r e a d i n g s  t a k e n  as d e s c r i b e d  
above. In this e x p e r i m e n t ,  the e n z y m e  u n 1 t - a c t i v i t y  was 
e x p r e s s e d  in m i c r o l i t e r s  of o x y g e n  t a k e n  up per m i l l i g r a m  
of e i t h e r  p r o t e i n  p r e s e n t  in t he r e a c t i o n  or t i s s u e  n i t r o ­
gen per  hour.
The a m i n e s  u t i l i z e d  for s u b s t r a t e s  w e r e  o b t a i n e d  
from the f o l l o w i n g  c o m m e r c i a l  sour ce s :  N.B.C., C l e v e l a n d ,
Ohio, and E a s t m a n  O r g a n i c  C h e m i c a l s ,  R o c h e s t e r ,  N e w  York, 
as h y d r o c h l o r i d e s .
In k i n e t i c  s t u d ie s ,  m a x i m u m  v e l o c i t i e s  w e r e
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c a l c u l a t e d  f r o m  1/ a c t i v i t y  p l o t t e d  a g a i n s t  1/ s u b s t r a t e  
c o n c e n t r a t i o n  by the m e t h o d  of L i n e w e a v e r - B u r k  (1934).
B. S t a n d a r d  A s s a y
As c o n f i r m a t o r y  e x p e r i m e n t s ,  s t a n d a r d  e n z y m a t i c  
a s says t e s t i n g  the d i s a p p e a r a n c e  of the s u b s t r a t e s  w e r e  
a l s o  c a r r i e d  out. E f f e c t s  of s u b s t r a t e  c o n c e n t r a t i o n s  and 
h y d r o g e n  a c t i v i t i e s  on the o x i d a t i o n  rates of 5 - h y d r o x y -  
t r y p t a m i n e  w e r e  s t u d i e d  using the c o l o r i m e t r i c  m e t h o d  
(E x p e r i m e n t a l , S e c t i o n  1 1 1 -A ) for e s t i m a t i o n  o f  5 - h y d r o x y -  
t r y p t a m i n e ,  and by the p r o c e d u r e  o u t l i n e d  by G r e e n  and 
H o u g h t o n  (1961) for 4 - h y d r o x y p h e n e t h y l a m i n e .
X. A l k a l o i d  D e t e c t i o n
Q u a l i t a t i v e  tests for a l k a l o i d s  w e r e  p e r f o r m e d  in 
the d e s i c c a t e d  b a n a n a  peels. T h e  pe els w e r e  r e m o v e d  f r o m  
the f r u i t s  in a d v a n c e d  s t a t e s  of s e n e s c e n c e ,  c o m p l e t e l y  
dr i e d  in hot d r y  air, and p o w d e r e d  1n a m o r t a r .  S a m p le s 
(IQg) w e r e  then  m i x e d  with 95% e thanol (60 ml),  d i l u t e d  
a m m o n i a  s o l u t i o n  (5 ml) and c h l o r o f o r m  (20 ml), and 
m a c e r a t e d  for one hour, w i t h  f r e q u e n t  sha k in g .  The  s o l i d  
m a t e r i a l  and the m e n s t r u u m  w e r e  then t r a n s f e r r e d  to a c o n ­
t i n u o u s  a p p a r a t u s  e m p l o y e d  by off i ci a l  a s s a y  p r o c e d u r e s  as 
m o d i f i e d  by S e l f  and C o r f i e l d  (B.P., 1968, A p p e n d i x  XIX), 
and e x t r a c t e d  for f o u r  hours. T h e  s o l v e n t  f r o m  the e x ­
t r a c t  was r e m o v e d  by e v a p o r a t i o n  to d r y n e s s  at 80°C in a 
c u r r e n t  of air. To the r e s i du e ,  5 ml of 9 5% ethanol and
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10 ml of 0.1 N s u l p h u r i c  a c i d  w e r e  added. The s o l u t i o n  
was then p a r t i t i o n e d  a c c o r d i n g  to the general m e t h o d  for 
li q u id  g a l e n i c a l s  as d e s c r i b e d  by B e c k e t t  and S t e n l a k e  
(1968). To the c h l o r o f o r m  s o l u t i o n  o b t a i n e d  at the end 
of the p a r t i t i o n  s e p a r a t i o n  fr om the a q u e o u s  a m m o ni a c a l  
s o l u t i o n ,  both M a y e r ' s  and W a g n e r ' s  tests ( B e n t l e y  and 
D r i v e r ' s ,  1969) w e r e  a p plied.
In c a r r y i n g  out the a b o v e  p r o c e d u r e s ,  r e c o m m e n d a ­
tions g i v e n  by G e a r l e n  and G r a b o w s k i  (1969) p e r t i n e n t  to 
the a n a l y s e s  of a l k a l o l d a l  p l a n t  e x t r a c t s  w ere obse rv e d .
R E S U L T S
A N D
D I S C U S S I O N
RESULTS AND DISCUSSION
The c hemical r e a c t i v i t y  of 5 - h y d r o x y t r y p t a m 1 n e  may 
u n f a v o r a b l y  a f f e c t  its s t a b i l i t y .  T h e r e f o r e ,  it was n e c e s ­
sary to g i v e  a t t e n t i o n  to the p r o b l e m  of p r e s e r v i n g  the 
c o m p o u n d ' s  i n t e g r i t y  w h i l e  a t t e m p t i n g  to e s t a b l i s h  p roofs  
for its identity.
Th e  p r o v i s i o n s  taken w e r e  w i d e l y  j u s t i f i e d  by r e a ­
sons d e r i v e d  from  the c h e m i s t r y  of 5 - h y d r o x y t r y p t a m i n e .
In fact, the in d o le  n a t u r e  of this c o m p o u n d  (Figs. 2 and 3) 
ma k e s  it r e a d i l y  s u s c e p t i b l e  to r e a c t i o n s  w i t h  a l d e h y d e s  in 
the 2- p o s i t i o n  and to be a t t a c k e d  by s t r o n g  a cids, o x y g e n  
and light. In a d d i t i o n ,  b e c a u s e  5 - h y d r o x y t r y p t a m i n e  is an 
h y d r o x y i n d o l e ,  and c o n s e q u e n t l y  a s u b s t i t u t e d  p - a m i n o -  
p h e n o l , it has s u p p l e m e n t a r y  l i a b i l i t y  to o x i d at i o n .
Special p r e c a u t i o n s  w e r e  he nce e x e r t e d  to e l i m i n a t e  
a f f e c t i n g  f a c t o r s  d u r i n g  e x t r a c t i v e  m a n i p u l a t i o n s ,  s t o r ag e ,  
and a n a l y t i c a l  d e t e r m i n a t i o n s  o f  the samples.
I . I d e n t i t y  P r o b l e m s  and M e t h o d o l o g i c a l  P r e m is e s
C o l o r i m e t r i c ,  f l u o r o m e t r i c  and c h r o m a t o g r a p h i c  
t e c h n i q u e s  were s e l e c t e d  for a s c e r t a i n i n g  the i d e n t i t y  of 
5 - h y d r o x y t r y p t a m i n e  as it n a t u r a l l y  o c c u r s  in the b a n a n a ,  
c o m p a r e d  a g a i n s t  s t a n d a r d s  of a u t h e n t i c  5 - h y d r o x y t r y p t a m i n e  
as the c r e a t i n i n e  s u l f a t e  c o m p l e x  (E x p e r i m e n t a l , S e c t i o n  
111 - A).
A l t h o u g h  t h e s e  t e c h n i q u e s  can be u s e f u l l y  e m p l o y e d
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for e i t h e r  q u a l i t a t i v e  and q u a n t i t a t i v e  a s s a ys ,  in this 
p h a s e  of the I n v e s t i g a t i o n  e m p h a s i s  w a s  g i v e n  only to 
t h e i r  a b i l i t y  to d i s c l o s e  the c o m p o u n d ' s  i dentity.
A. C o l o r i m e t r y
The r e s u lt s  of the c o l o r i m e t r i c  test of i d e n t i t y  
are shown in F i g u r e  4. T h e  two s p e c t r a  w e r e  o b t a i n e d  from 
a u t h e n t i c  5 - h y d r o x y t r y p t a m 1 n e  as the c r e a t i n i n e  s u l f a t e  
c o m p l e x  at Initial c o n c e n t r a t i o n  of 75 yg in 2.0 ml of 
0.1 N h y d r o c h l o r i c  acid, and 5 - h y d r o x y t r y p t a m i n e  f r o m  
s a m p l e  e x t r a c t e d  (E x p e r i m e n t a l , S e c t i o n  II) f r o m  full ripe 
b a n a n a  pulp.
The a b s o r p t i o n  p r o p e r t y  of the c h r o m o p h o r e  a t t a i n e d  
1n the c o n d e n s a t i o n  r e a c t i o n  of 5 - h y d r o x y t r y p t a m i n e  wit h 
1- n i t r o s o - 2- n a p h t h o l  was t he c h a r a c t e r i s t i c  f u n c t i o n  i m ­
m e d i a t e l y  r e s p o n s i b l e  for the f e a t u r e s  of the c o l o r i m e t r i c  
c u r v e s  o b t a i n e d .  1 - N 1 t r o s o - 2 - n a p h t h o l  r eacts with m a n y  
s u b s t i t u t e d  p h e n o l s  in s t r o n g  n i t r i c  acid to y i e l d  co lor 
d e r i v a t i v e s .  This r e a c t i o n  has b e e n  w i d e l y  used in q u a l i ­
t a t i v e  and q u a n t i t a t i v e  a s s a y  of t y r o s i n e  and t y r a m i n e  
( U d e n f r l e n d  et a l ., 1952). O t h e r  5 - h y d r o x y i n d o l e s  also 
r e a c t  with 1- n i t r o s o - 2- n a p h t h o l ,  but they can do so in the 
p r e s e n c e  of n i t r i c  acid ( U d e n f r l e n d  et a l ., 1955). In 
d i l u t e  h y d r o c h l o r i c  acid, or s u l p h u r i c  acid c o n t a i n i n g  
tr a c es  of n i t r i t e ,  5 - h y d r o x y i n d o l e s  y i e l d  a v i o l e t  c h r o m o ­
p h o r e  w h o s e  c h e m ic a l  s t r u c t u r e  is still unk n ow n .  Of the 
m a n y  p h e n o l i c  c o m p o u n d s  t e s t e d  to d a t e ,  p - h y d r o x y a c e t a n i 1ide
Fig. 4. A b s o r p t i o n  s p e c t r u m  of t h e  c h r o m o p h o r e  r e s u l t i n g  f r o m  the r e a c t i o n  b e t w e e n  5 - h y d r o x y t r y p t a m i n e  and l - n 1 t r o s o - 2 - n a p h t h o l .
The r e c o r d i n g  was c a r r i e d  o u t  w i t h  a V.O. M-5 r e c o r d e r  c o u p l e d  to a B a u s c h  & L o m b  " S p e c t r o n i c  600" s p e c t r o p h o t o m e t e r .  S p e e d  of r e c o r d i n g :5 in./min.





is the only c o m p o u n d  not a 5 - h y d r o x y i n d o l e  w h i c h  f orms a 
v i o l e t  color. T r y p t o p h a n ,  t r y p t a m i n e ,  7 - h y d r o x y t r y p t o p h a n ,  
and 7 - h y d r o x y t r y p t a m 1 n e  do not g i v e  this c o l o r  ( U d e n f r i e n d  
et a l ., 1958).
The r e s u l t s  of this te st e x c l u d e  the i n t e r f e r e n c e  
of the a b o v e  m e n t i o n e d  c o m p o u n d s  and i n d i c a t e  the p r e s e n c e  
of 5 - h y d r o x y t r y p t a m i n e  in the s a m p l e  of b a n a na s  e x a m i n e d .
B. F I u o r o m e t r y
The s e n s i t i v i t y  and s p e c i f i c i t y  of the f l u o r o m e t r i c  
a s s a y  o f f e r e d  d i s t i n c t  a d v a n t a g e s  over o t h e r  chemical and 
physical m e t h o d s  in terms of r a p i d i t y  and p r e c i s i o n  in the 
a n a l y s i s  of 5 - h y d r o x y t r y p t a m i n e .
The a v a i l a b i l i t y  of an i n s t r u m e n t  e q u i p p e d  for d e ­
l i v e r i n g  h i g h - 1 n t e n s i t y  m o n o c h r o m a t i c  a c t i v a t i o n  at all 
w a v e - l e n g t h s  and c a p a b l e  of a u t o m a t i c  s pectral a n a l y s i s  of 
the r e s u l t i n g  f l u o r e s c e n c e  had g r e a t l y  f a c i l i t a t e d  d e v e l o p ­
m e n t  of this p h a s e  of the work.
The r e s u lt s  r e p o r t e d  in F i g u re  5 c o m p r i s e  a c t i v a t i o n  
and f l u o r e s c e n c e  s p e c t r a  of a u t h e n t i c  5 - h y d r o x y t r y p t a m i n e  
as the c r e a t i n i n e  s u l f a t e  c o m p l e x  at a c o n c e n t r a t i o n  level 
of 80 y g / 1 0 0  ml of 0.1 h y d r o c h l o r i c  a cid (3 Ni HC1 for 
the f l u o r e s c e n c e ) ,  and of 5 - h y d r o x y t r y p t a m i n e  o b t a i n e d  
from a s a m p l e  of full ripe b a n a n a  pulp by the e x t r a c t i o n  
p r o c e d u r e  o u t l i n e d  in E x p e r i m e n t a l , S e c t i o n  II.
Fig. 5* 5 - H y d r o x y t r y p t a m i n e  a c t i v a t i o n  and f l u o r e s c e n c e  spectra.
The c u r v e s  w e r e  o b t a i n e d  f r o m  the  l u m i n e s c e n c e  s p e c t r o p h o t o m e t e r  d e s c r i b e d  in E x p e r i m e n t a l , s e c t i o n  III-B.
L e g e n d ; A c t i v a t i o n :  (A) S t a n d a r d  of 5 - h y d r o x y -t r y p t a m i n e  as the c r e a t i n i n e  s u l f a t e  c o m p l e x  a t level of 80 y g / 1 0 0  ml of 0.1 HC1. (B) S a m p l e  from full r i p e  banana.F l u o r e s c e n c e :  (A) (B) S a m e  c o n d i t i o n sas a b o v e  e x c e p t  n o r m a l i t y  of the m e d i u m  w h i c h  was r a i s e d  to 3 JY.
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C. C h r o m a t o g r a p h y
The b r o a d  r e a c t i v i t y  of 5 - h y d r o x y t r y p t a m i n e  m a d e  
the s e l e c t i o n  of r e a c t i o n s  to be e m p l o y e d  1n its c h r o m a ­
t o g r a p h y  m o r e  a m a t t e r  of c i r c u m s t a n t i a l  and personal 
c h o i c e  r a t h e r  than of o t h e r  c o n s i d e r a t i o n s .
Se v e ra l  r e a g e n t s  and s o l v e n t  s y s t e m s  w e r e  e x p l o r e d  
with equal succ ess. Each of these is based on d i f f e r e n t  
c o n c e p t s  of the c h e m i s t r y  of the a c t i v e  g r o u p s  of the 
m o l e c u l e ,  and on the phase m i g r a t o r y  c h a r a c t e r i s t i c s .
M e n t i o n  is m a d e  here of o n l y  a few s o l v e n t  s y s t e m s  
s u c c e s s f u l l y  u t i l i z e d  in this work: (1) n - p r o p a n o l - 1  JN
a m m o n i a  (5:1); (2) m et hyl ethyl k e t o n e - a c e t o n e - w a t e r  
( 2 0:2:5 ); (3) n - b u t a n o l - a c e t i c  a c l d - w a t e r  (4:1:5); and
(4) n - b u ta n o l  s a t u r a t e d  w i t h  1 N h y d r o c h l o r i c  acid.
T h e  p r i n c i p a l  r e a g e n t s  e m p l o y e d  in d e v e l o p i n g  the 
c h r o m a t o g r a m s  were: (1) C i n n a m i c  a l d e h y d e  f o l l o w e d  by h y ­
d r o c h l o r i c  a c i d ;  (2) J e p s o n  and S te vens' r e a g en t ;
(3) P a u l e y ' s  r e a g e n t ;  and (4) E h r l l c h ' s  reagent.
T h e  final m e t h o d  s e l e c t e d  1n r e p o r t i n g  the c h r o m a t o ­
g r a p h i c  r e s u l t s  (Fig. 6) m a d e  use of s o d i u m  c h l o r i d e  and 
c o n c e n t r a t e d  a c e t i c  acid f o r  the s y s t e m  of s o l v en t ,  and the 
E h r l i c h ' s  r e a g e n t  f or the d e v e l o p m e n t .
The c o l o r e d  sp ots o b t a i n e d  are the c o n s e q u e n c e  of 
the r e a c t i o n  b e t w e e n  the i n d o l e  p o r t i o n  of the m o l e c u l e  of 
5 - h y d r o x y t r y p t a m i n e  an d p - d 1 m e t h y l a m l n o b e n z a l d e h y d e  in 
s t r o n g  a c i d i c  me d i um .
Fig. 6. Paper c h r o m a t o g r a p h s  of  5 - h y d r o x y t r y p t a m i n e  u t i l i z i n g  the i n d o l e  r e a c t i o n .




F i g u r e  6 i l l u s t r a t e s  f i n i s h e d  c h r o m a t o g r a m s  c o n t a i n ­
ing d u p l i c a t e s  of a u t h e n t i c  5 - h y d r o x y t r y p t a m i n e  as the 
c r e a t i n i n e  s u l f a t e  c o m p l e x  (A-F), 5 - h y d r o x y t r y p t a m i n e  e x ­
tr a c te d  (E x p e r i m e n t a l , S e c t i o n  II) f r o m  full ripe b a n a na  
pulp (B-D), and 5 - h y d r o x y t r y p t a m i n e  e x t r a c t e d  from a 
ba n a n a  p r o d u c t  (C-E). The s a m e  f i g u r e  also shows an e n ­
la r g e d  s e c t i o n  c o n t a i n i n g  s t a n d a r d  (A), s a m p l e  from full 
ripe b a n a n a  pulp (B), and s a m p l e  f rom a b a n a n a  p r o d u c t  (C).
D. 5 - H y d r o x y t r y p t a m i n e  C o n t e n t  in B a n a na  P r o d u c t s
The d e a r t h  of bas ic m e t h o d o l o g i c a l  pre m is e s  (Page, 
1971) and s y s t e m a t i c  s t u d i e s  r e l a t e d  to the a m i n e  c o n t e n t  
of c o m m o n  foods ( S j B qv i s t ,  1968) g u i d e d  the o p t i o n  e x e r ­
ci s e d  1n this i n v e s t i g a t i o n  of i n c l u d i n g  a n a l y s e s  of a 
n u m b e r  of b a n a n a  p r o d u c t s  a v a i l a b l e  f r o m  local food m a r ­
kets .
The data p r e s e n t e d  in T a b l e  4 s u m m a r i z e  the re s u lt s  
of the e x a m i n a t i o n  of 23 o r d i n a r y  b a n a n a  products . T h e s e  
v a l u es  w e r e  s u b m i t t e d  to r e g r e s s i o n  a n a l y s i s  1n o r d e r  to 
e v a l u a t e  the a c c u r a c y  of the c o l o r i m e t r i c  and f l u o r o m e t r i c  
m e t h o d s  e m p l o y e d .  T he p r e c i s i o n  of the i n d i v i d u a l  t e c h ­
nique was a s s e s s e d  by s i m u l t a n e o u s l y  r e p l i c a t i n g  the m e a ­
s u r e m e n t s  of 5 - h y d r o x y t r y p t a m i n e  o b t a i n e d  f r o m  two d i f f e r ­
ent e x t r a c t i o n s  of the sam e food product.
F i g u r e  7 r e p o r t s  the r e g r e s s i o n  line d r a w n  by the 




5 - H y d r o x y t r y p t a m i n e  c o n t e n t  In b a n a na  p r o d u c t s
P r o d u c t 5-HTF l u o r o m e t r i c
(yg/g)
C o l o r i m e t r i c
B a b y  Foods
B a n a n a  w i t h  p i n e a p p l e 1 5 . 9 4* 1 3 . 8 4*C o t t a g e  c h e e s e  w i t h  b a n a n a s 27.15 28.00J u n i o r  b a n a n a  p u d d i n g 25.39 24.00B a n a n a  pie ( l a b e l l e d  NEW) 54.07 55.50B a n a n a s 17.53 18.00B a n a n a s 17.07 17.33B a n a n a  pie 3 8 .30 37.83B a n a n a s  and p i n e a p p l e 27.57 28.61J u n i o r  b a n a n a s  and p i n e a p p l e 44.71 46.00J u n i o r  b a n a n a s  w i t h 23.62 22.83pi n e a p p l eM i x e d  cereal an d b a n a n a s 13.14 14.34O a t m ea l  and b a n a n a s 6.42 5.83O r a n g e - a p p l e - b a n a n a  j u i c e 20.73 yg/ml 20.16 yg/mld r i n kO r a n g e - a p p l e - b a n a n a  juice 15.9 yg/ml 16.00 yg/ml
O t h e r  P r o d u c t s
B e t t y  C r o c k e r  c h l q u l t a 18.60 16.50b a n a n a  f r o s t i n g  mixB e t t y  C r o c k e r  c h l q u l t a 19.21 17.67ba n a n a  cake m i xB a n a n a  c r e a m  f l a v o r  for 12.09 11.16p u d d i n g  & pie f i l l i n gB a n a n a  s u p r e m e  f l a v o r 12.50 13.00d e l u x e  c a k e  mixM a r s h m a l l o w  b a n a n a  pie 36.61 35.34L i t t l e  D e b b i e  b a n a n a  twins 10.59 9.50B a n a n a  s a n d w i c h  c r e m e 2 6 . 1 8 25.50S i m p l e  S i m o n  b a n a n a  c r e m e 4 7 . 2 7 4 7 . 3 4pi eF r e e z e - d r i e d  b a n a na 4 6 . 3 5 4 6 .50
♦ V a l u e s  r e p r e s e n t  the a v e r a g e  of d u p l i c a t e  runs f r o m  d i f f e r e n t  e x t r a c t i o n s .
Fig. 7. R e g r e s s i o n  a n a l y s i s  of r e s u l t s  o b t a i n e d  by d u p l i ­c a te runs f r o m  d i f f e r e n t  e x t r a c t i o n s  of 5 - h y d r o x y t r y p t a m i n e  1n b a n a n a  p r o d u c t s  e m p l o y i n g  c o l o r i m e t r i c  and f l u o r o m e t r l c  p r o c e d u r e s .
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The r e g r e s s i o n  line and the r e g r e s s i o n  c o e f f i c i e n t  
(r = 0.99) i n d i c a t e  that v a l u es  from f l u o r o m e t r i c  m e t h o d s  
are h i g h l y  c o m p a r a b l e  w i t h  those f r o m  the c o l o r i m e t r i c  
p r o c e d u r e .  H owe ve r ,  f l u o r o m e t r i c  m e t h o d s  are s i m p l e r  and 
m o r e  rapid, r e q u i r i n g  o n l y  a c c u r a t e  e x t r a c t i o n .  In a d d i ­
tion, by e l i m i n a t i n g  the need for c o m b i n i n g  5 - h y d r o x y ­
t r y p t a m i n e  to a c h r o m o p h o r e - p r o d u c i n g  c o m p o u n d ,  t h e s e  
m e t h o d s  o f f e r  the a d v a n t a g e  of a m o r e  d i r e c t  d e t e r m i n a t i o n  
and s h o u l d  be c o n s i d e r e d  as p r e f e r e n t i a l  w h e n e v e r  i n s t r u ­
m e n t  a v a i l a b i l i t y  1s not a l i m i t i n g  c o n d i t i o n .
1 1 . F o r m a t i o n  of 5-Hydroxytr.yptamine
A l t h o u g h  5 - h y d r o x y i n d o l e s  have been I d e n t i f i e d  in 
a n i m a l s ,  p l a n t s  and p r o t l s t s ,  m o s t  b i o c h e m i c a l  st u d ie s 
w e r e  c a r r i e d  out In a n imal tissues. In animal s ystems, 
the b i o s y n t h e s i s  of 5 - h y d r o x y t r y p t a m i n e  p r o c e e d s  m a i n l y  
f r o m  the e n z y m a t i c  h y d r o x y l a t i o n  of t r y p t o p h a n  to 5- 
h y d r o x y t r y p t o p h a n ,  w h i c h  1s the n d e c a r b o x y l a t e d  to 5- 
h y d r o x y t r y p t a m l n e  (R e v i e w  of L i t e r a t u r e , S e c t i o n  IV-B).
In p l a n t  s y s t e m s ,  s p e c i f i c a l l y  in the ba n a na ,  the 
f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  is an o b j e c t  of m e r e  
s p e c u l a t i o n .
This s e c t i o n  of the e x p e r i m e n t a l  r e s u l t s  r e p o r t s  
d a t a  on the f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in the peel 
and p u l p  of b a n a n a  f r u i t  d u r i n g  p r e c l i m a c t e r i c ,  c l i m a c ­
teric, and p o s t c l i m a c t e r l c  s t a t e s  and d u r i n g  a d v a n c e d
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c o n d i t i o n s  of s e n e s c e n c e ,  t o g e t h e r  w i t h  a s s o c i a t e d  v a l u e s  
d e s c r i b i n g  c o l o r  of the peel and h y d r o g e n  1on a ctivity.
D e t e r m i n a t i o n s  of the c o n t e n t  of 5 - h y d r o x y t r y p t -  
a m ine, r e s p i r a t o r y  r ates, color e s t i m a t i o n s ,  and h y d r o g e n  
ion a c t i v i t y  m e a s u r e m e n t s  r e p o r t e d  in this s e c t i o n  w e r e  
all p e r f o r m e d  in the same  day d u r i n g  the i n d i c a t e d  p e r i o d  
of time  on bananas t a k e n  f r o m  the same s t o c k  m a i n t a i n e d  at 
r o o m  t e m p e r a t u r e  (27°C), and a l l o w e d  to m a t u r e  w i t h  or 
w i t h o u t  r i p e n i n g  s timuli.
A. M a t u r i t y  D e t e r m i n a t i o n  and R e s p i r a t o r y  Rates
V alues o b t a i n e d  by m e a s u r i n g  the r e s p i r a t o r y  rates 
of the w h o l e  f r u i t  1n a s t a t i c  s y s t e m  e m p l o y i n g  a W a r b u r g  
c o n s t a n t  v o l u m e  r e s p i r o m e t e r  are g i v e n  In T a b l e  5.
The ori g in a l  n u m e r i c a l  v a l u e s  r e c o r d e d  and c a l c u ­
lated d i r e c t l y  f r o m  the I n s t r u m e n t  d e s c r i b e  the o x y g e n  u p ­
take 1n m i l l i l i t e r  per m i n u t e  per g r a m  of t i s s u e  d u r i n g  a 
p e r i od  of 25 m i n u t e s .  H o w e v e r ,  for c o n v e n i e n c e ,  v a l u es  
w e r e  a l s o  m a t h e m a t i c a l l y  c o n v e r t e d  into m i l l i l i t e r s  of o x y ­
gen per g r a m  per hour a n d  the r e s u l t i n g  n u m b e r s  w e r e  
p l o t t e d  v e r s us  time. T h e  r e s u l t i n g  d i a g r a m  1s s h o w n  in 
F i g u r e  8.
As i l l u s t r a t e d  1n T a b l e  5, the r e s p i r a t o r y  p r o c e s s e s  
w e r e  f o l l o w e d  w i t h o u t  I n t e r r u p t i o n  d u r i n g  a p e r i o d  of s i x ­
teen c o n s e c u t i v e  days. A d d i t i o n a l  m e a s u r e m e n t s  w e r e  d o n e  
1n the 25th and 45th day, r e s p e c t l v e l y .
The m a t h e m a t i c a l  symbol d e n o t i n g  less than or equal
Table 5
R e s p i r a t i o n  rates in r ip e ni n g  bananas
Day R i p e ne s s * y l 0 z /g/min u l 0 2 /g/hr % C h a n ge  from initial % D e c r e a s e  from m a x i m u m
I 2a 2.2 ± 0.17 132.0 .II 2 b 2.6 ± 0.15 156.0 25.0 Increase -III 3 3.6 ± 0.25 216.0 63.6 Increase _IV 4a 3.8 ± 0.1 4 228.0 72.7 I nc rease -V 4b 3.9 ± 0.30 238.2 80.5 in cr ea s e -VI 5a 4.2 ± 0.13 252.0 90.9 increase -VII 5b 4.4 ± 0. 22 264.0 100.0 increase -VIII 5c 6.2 ± 0.17 372.0 181.8 increas e -IX 6 a 2.6 ± 0.25 160.2 21.4 I n creas e 56.9X 6 b 2.5 ± 0.1 4 151.2 14.5 increase 59.4XI 7a 2.4 ± 0.10 144.6 9.5 i ncr ease 61.1XII 7b 2.2 ± 0.15 133.2 0.9 Increase 64.2XIII 8 a 1.7 ± 0.25 104.4 20.9 d e c r e a s e 71.9XIV 8 b 1.5 ± 0.20 90.0 31.8 d ecrease 75.8XV 8 c 1.0 ± 0.13 61.2 53.6 dec r ea s e 83.5XVI 8 d 0.6 ± 0.24 40.2 69.5 dec r ea s e 89.1
XXV D <1 <1 99.2 dec r ea s e 99.7XLV DD "0 "0 0 0
* R 1 p e n e s s  was e s t i m a t e d  based on the von Loe s ec k e  color scale as d e s c r i b e d  in E x p e r i m e n t a l , section I.
5 - H y d r o x y t r y p t a m l n e  f o r m a t i o n  and h y d r o g e n  1on a c t i v i t y  d u r i n g  s t o r a g e  of b a n a n a s  at r o o m  t e m ­p e r a t u r e  (27°C).
L e g e n d : (•- - - •) peel; (x-- x) pulp.
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to a d o p t e d  in T a b l e  5 I n d i c a t e s  t h a t  the n u m b e r s  r e p o r t e d  
w e r e  o b t a i n e d  by m a n o m e t r l c  c a l c u l a t i o n s  a l o n e  t a k i n g  into 
a c c o u n t  o n l y  the v a r i a t i o n s  o b s e r v e d  in the t h e r m o b a r o m e ­
ter.
In e s t i m a t i n g  r e s p i r a t o r y  r a t e s ,  the m e t h o d  e m p l o y e d  
y i e l d e d  a c c u r a t e  e n o u g h  r e s u l t s  to s u p p l y  a s imple c r i t e ­
r i o n  for d i f f e r e n t i a t i n g  among p r e c l i m a c t e r i c ,  c l i m a c ­
t e ric, and p o s t c l I m a c t e r i c  fruits. F u r t h e r m o r e ,  it was 
useful in s u b s t a n t i a t i n g  the c o r r e l a t i o n  b e t w e e n  r i p e n e s s  
c o n d i t i o n s  and c o l o r  of the peel as e s t i m a t e d  by an a r b i ­
t r a r y  c o l o r  s c a l e  (E x p e r i m e n t a l , S e c t i o n  I).
B. C o n t e n t  of 5-H.ydroxytryptamine
R o u t i n e  e x t r a c t i o n s  and f l u o r o m e t r i c  m e a s u r e m e n t s  
w e r e  e m p l o y e d  to d e t e r m i n e  the c o n t e n t  of 5 - h y d r o x y t r y p t -  
a m l n e  in peel and pulp  of b a n a n a s  n a t u r a l l y  r i p e n i n g ,  and 
in s a m p l e s  to w h i c h  a r i p e n i n g  s t i m u l u s  (ethyl e n e )  was 
applled.
T h e s e  r esults are s u m m a r i z e d  1n T a b l e  6 in c o m b i n a ­
t i o n  w i t h  p a r a ll e l  p o t e n t i o m e t r i c  m e a s u r e m e n t s  and s u b ­
j e c t i v e  e s t i m a t i o n s  of peel color.
V a l u e s  r e p r e s e n t i n g  p o t e n t i o m e t r i c  data are the 
a v e r a g e  of d u p l i c a t e  r e a d i n g  (E x p e r i m e n t a l , S e c t i o n  V) and 
are r e p o r t e d  d l a g r a m m a t i c a l l y  in F i g u r e  9. Data f r o m  
e t h y l e n e - t r e a t e d  s a m p le s  are p l o t t e d  on a d i f f e r e n t  d i a ­
g r a m  than t h o s e  o b t a i n e d  f r o m  n o n - t r e a t e d  samples.  The 
s a m e  c r i t e r i o n  was f o l l o w e d  in p l o t t i n g  s e p a r a t e l y  v a l u e s
Table 6
5 - H y d r o x y t r y p t a m i n e  f o r m a t i o n  and h yd r og e n  ion a c t i v i t y  in rip e ni n g  b a n a na s *
Day Ripeness
no ripeni ng stimulus with ripe ni n g  s timul us (ethylene)
Peel Pul D Peel Pul D5-HT pH 5-HT pH 5-HT pH 5-HT pH
I 2a 20.1 5.4 30.5 5.7 •» _II 2 b 24.9 5.4 35.2 5.7 - - - -III 3 26.7 5.4 40.0 5.7 - - - -IV 4a 36.0 5.6 39.0 5.7 37.6 5.2 54.2 4.7V 4b 43.4 5.2 43,7 5.7 49.7 5.2 54.9 4.8VI 5a 44.8 5.0 44.0 5.5 54.4 5.0 44.2 4.8VII 5b 50.5 4.7 44.8 5.5 56.9 5.5 45.3 4.9VIII 5c 52.8 5.2 37.5 4.6 63.2 5.4 32.3 5.1IX 6 a 60.2 5.8 32.4 5.4 73.3 5.4 27.2 5.0X 6 b 72.0 5.8 29.0 5.4 75.3 5.5 25.1 5.2XI 7a 72.7 6.0 31.0 5.2 75.9 5.9 25.9 5.4XII 7b 84.0 6.2 27.0 5.2 83.0 6.0 24.0 5.8XIII 8 a 87.5 6.2 25.0 5.3 88.2 6.0 24.0 5.8XIV 8 b 88.0 6.2 23.0 5.5 - - - -XV 8 c 92.0 7.0 30.0 5.7 - - - -XVI 8d 95.0 7.0 31.0 6.7 - - - -
XXV D 132.0 8.5 78.0 7.9 142.0 7.3 92.0 6 . 8XLV DD 244.0 10.2 - 234.0 11.7
*The ripening  process was c arr ied out at room t e m p e r a t u r e  (27°C) and 5-HT c o n t e n t  is e x p r e s s e d  in ug/g.
Fig. 9. H y d r o g e n  ion a c t i v i t y  d u r i n g  s t o r a g e  of b a n a n a s  w i t h  and w i t h o u t  r i p e ni n g  s t i m u l u s  at room t e m ­p e r a t u r e  (27°C).
T h e  r e s u l t s  are a v e r a g e  v a l u e s  f r o m  five samples.
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f r o m  pulp and p e e l .
The ov e r al l  s h a p e  o f the c u r v e s  r e p r e s e n t i n g  h y d r o ­
gen 1on a c t i v i t y  is 1n general a g r e e m e n t  w i t h  e x p e ri m e n t a l  
data gi v e n  by von L o e s e c k e  (1950) and p r e v i o u s  l i t e ra t u r e .  
The m o s t  s i g n i f i c a n t  e v e n ts  d e s c r i b e d  by th ese c u r v es  are:
(1) d r a s t i c  d e c r e a s e  in a c i d i t y  d u r i n g  the c l i m a c t e r i c ;
(2) i n c r e a s e d  pH v a lues s u b s e q u e n t  to r emoval from the 
r i p e n i n g  room; (3) p u l p  b e c o m i n g  s l i g h t l y  m o r e  a c i d i c  than 
the peel d u r i n g  c l i m a c t e r i c  c o n d i t i o n s ;  and (4) r ising pH 
v a l u es  b e i n g  a c c o m p a n i e d  by c h a n g e s  in peel color  (Barnell, 
1941).
F i g u r e  10 r e p o rt s  the c o n t e n t  of 5 - h y d r o x y t r y p t a m i n e  
f o u n d  in the peel and pulp s e p a r a t e l y ,  and i ndividual 
v a l u e s  w e r e  p l o t t e d  v e rsus r i p e n i n g  time  and h y d r o g e n  ion 
a c t i v i t y .  By v i s u a l l y  i n s p e c t i n g  the c u r v e  d e s c r i b i n g  the 
f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  1n the peel and the c u r v e  
r e p r o d u c i n g  the same p h e n o m e n o n  in the pulp a d i f f e r e n c e  
in b e h a v i o r  can be e a s i l y  noted. At the o u t s e t ,  5 - h y d r o x y ­
t r y p t a m i n e  in the peel I n c r e a s e d  m o r e  g r a d u a l l y  than in the 
pulp and c o n t i n u e d  to rise w i t h o u t  i n t e r m i s s i o n  until a 
m a x i m u m  of 1 3 2 . 0  yg/g was r e a c h e d  a f t e r  25 days (244.0 y g / g  
a f t e r  45 d a y s ).  The d e c r e a s e  1n pH t h a t  o c c u r r e d  in the 
t i s s u e  d u r i n g  the later p r e c l i m a c t e r l c  and c l i m a c t e r i c  
p e r i o d s  did not seem to be a f f e c t e d  by the I n c r e a s e  of 5- 
h y d r o x y t r y p t a m l n e .
C o n v e r s e l y ,  the c o n t e n t  of 5 - h y d r o x y t r y p t a m i n e  in 
the p u l p  d e c r e a s e d ,  s t a r t i n g  f r o m  the p e a k  r e a c h e d  d u r i n g




















the c l i m a c t e r i c  c o n d i t i o n s  c o i n c i d i n g  w ith a d e c r e a s e  1n 
pH, and o n l y  1n the v e r y  late p o s t c l I m a c t e r i c  did the c o n ­
tent of 5 - h y d r o x y t r y p t a m i n e  1n the p u l p  i n c r e a s e  again to 
reach its m a x i m u m  v a l u e  (78.0 yg/g)  a f t e r  25 days.
F i g u r e  11 r e p o r t s  the total c o n t e n t  (peel plus 
pulp) of 5 - h y d r o x y t r y p t a m i n e  d u r i n g  the p r e c l i m a c t e r i c  and 
c l i m a c t e r i c  periods. V a l u e s  a p p e a r i n g  in the graph were
o b t a i n e d  by adding d a t a  from c o l u m n s  3 and 4 in T a b l e  6.
This a c c u m u l a t e d  c o n t e n t  of 5 - h y d r o x y t r y p t a m i n e  was then 
p l o t t e d  v e r s u s  the v a l u e s  for r e s p i r a t o r y  a c t i v i t y  r e ­
po r t ed  in T a b l e  5 d u r i n g  the s ame per i od s .  The trend of 
the graph s h o w s  a p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  the r e ­
s p i r a t o r y  a c t i v i t y  and the c o m b i n e d  (peel and  pulp) f o r m a ­
tion of 5 - h y d r o x y t r y p t a m i n e .
On the o t h e r  hand, the graph in F i g u r e  12 r e p o r t i n g  
the c o n t e n t  of 5 - h y d r o x y t r y p t a m i n e  in the peel d u r i n g  the 
d e c l i n e  of the r e s p i r a t o r y  p r o c e s s ,  s hows a n e g a t i v e  r e l a ­
t i o n s h i p .  In e f f e c t ,  d u r i n g  this p e r i od ,  the c o n t e n t  I n ­
c r e a s e d  in the peel w h i l e  it d e c r e a s e d  1n the pulp.
F u r t h e r  i n s p e c t i o n  of the d a t a  in T a b l e  5 ( r e s p i r a ­
t o r y  v a l u e s )  and T a b l e  6 ( 5 - h y d r o x y t r y p t a m i n e  co n t e n t )  r e ­
veals t h a t  in the r i p e n i n g  b a n a n a s  w i t h  no r i p e n i n g  s t i m u ­
lus on Day VII the pH of the peel a t t a i n e d  its m i n i m u m  
v a l u e,  4.7, w h e r e a s  the pH o f  the p u l p  did n o t  a t t a i n  its 
m i n i m u m  v a l u e ,  4.6, until Day VIII, or 24 h o u r s  later.
The f r u i t  u n d e r w e n t  a r e s p i r a t o r y  u p s u r g e  on Day VII and 
Day VIII w i t h  the r e s p i r a t o r y  rate i n c r e a s i n g  100% and
F 1 g . 12. 5 - H y d r o x y t r y p t a m l n e  f o r m a t i o n  1n b a n a n a  peel s u b s e q u e n t  to the c l i m a c t e r i c  state.
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182% r e s p e c t i v e l y ,  a b o v e  the v a l u e  for Day I.
In the peel the 5 - h y d r o x y t r y p t a m i n e  I n c r e a s e d  
s t e a d i l y  day by d a y  t h r o u g h o u t  the 1 6 - d a y  s t o r a g e  p eriod, 
w h e r e a s  in the pulp  the 5 - h y d r o x y t r y p t a m i n e  v a l u es  f l u c ­
t u a t e d  d u r i n g  this p e r i o d  with the t h r e e  h i g h e s t  v alues , 
43.7, 44.0, and 4 4 . 8  y g / g  b e i n g  a s s o c i a t e d  with Days V,
VI, and VII, the th r e e  days i m m e d i a t e l y  b e f o r e  the u p s u r g e  
o c c u r r e d .
S i n c e  the d a t a  in T a b l e s  5 and 6 and t h e i r  d e l i n e a ­
tion in Fi g u re s  9, 10, 11 and 12 m a y  i n d i c a t e  t h a t  the 
a m o u n t  of 5 - h y d r o x y t r y p t a m i n e  f o u n d  in peel and in pulp of 
b a n a n a  f r u i t  are i n f l u e n c e d  by h y d r o g e n  ion a c t i v i t y  and 
by o x y g e n  up t a ke ,  the e f f e c t s  of pH and a c c u m u l a t e d  o x y g e n  
u p t a k e  on 5 - h y d r o x y t r y p t a m i n e  v a l u e s  w e r e  e x a m i n e d  by 
m e a n s  of m u l t i p l e  r e g r e s s i o n  a n a l y s e s  of d a i l y  5 - h y d r o x y ­
t r y p t a m i n e  c o n t e n t ,  y g / g ,  on the c o r r e s p o n d i n g  d a i l y  pH 
v a l u e s  and a c c u m u l a t e d  v o l u m e s  of o x y g e n  uptake. C o m p u t a ­
t i o n s  w e r e  m a d e  s e p a r a t e l y  f o r  peel and pulp by me a n s  of 
G e neral  Foods M u l t i p l e  R e g r e s s i o n  P r o g r a m ,  R e v i s e d  for 
S360, at the L.S.U. C o m p u t e r  R e s e a r c h  C enter. The I n p u t  
d a t a  for these r e g r e s s i o n  a n a l y s e s  are g i v e n  1n T a b l e  5-A 
(A p p e n d i x ) .
The r e g r e s s i o n  a n a l y s e s  on 5 - h y d r o x y t r y p t a m i n e  
v a l u e s ,  yg/g , I n c l u d e d  the l i n e a r  and q u a d r a t i c  r e l a t i o n ­
ships of a c c u m u l a t e d  d a l l y  o x y g e n  u p t a k e ,  d e n o t e d  as V and
2 2 V , and of d a l l y  pH v a l u e s ,  d e n o t e d  as pH and (pH) .
In e x a m i n i n g  the f u n c t i o n s  of th e f o u r  v a r i a b l e s ,
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2 2 V, V , pH, and (pH) , the c o m p u t e r  was p r o g r a m m e d  to c o n ­
tinue, a f t e r  each  c o m p u t a t i o n ,  s t e p w i s e  the d e l e t i o n  of the 
least s i g n i f i c a n t  v a r i a b l e  r e m a i n i n g  in the c o m b i n a t i o n  
until the r e s u l t i n g  s m a l l e s t  F r a t i o  was g r e a t e r  than the 
c r i t ic a l  F r atio, or until the v a r i a b l e s  w e r e  e xhausted.
It was p o s s i b l e  t h r o u g h  this a u t o m a t i c  d e l e t i o n  f e a t u r e  of 
the c o m p u t e r  p r o g r a m  to e s t i m a t e  the r e l a t i v e  c o n t r i b u t i o n  
of each of the d i f f e r e n t  s i g n i f i c a n t  v a r i a b l e s  to their 
ov e r al l  c o m b i n e d  effect.
For b a n a n a  peel, the c o m b i n e d  e f f e c t  of two v aria-
Obles, V and (pH) , a c c o u n t e d  for 98.1 p e r c e n t  of the v a r i a ­
tion in 5 - h y d r o x y t r y p t a m i n e  values. A f t e r  the lesser 
v a r i a b l e ,  (pH) , was d e l e t e d ,  V a l o n e  a c c o u n t e d  for 96.2 
p e r c e n t  of the v a r i a t i o n .  If the 5 - h y d r o x y t r y p t a m i n e  
v a l u e  is r e p r e s e n t e d  by Y, the e q u a t i o n  r e p r e s e n t i n g  these 
f u n c t i o n s  is:
P e e l : Y = - 1 . 5 9 4 4  + 0 . 9 7 6 9 V  + 0 . 6 4 8 8 ( p H ) 2 .
With R - S q u a r e  = 0 .981, the c a l c u l a t e d  m u l t i p l e  F v a l u e  was 
350.55. The c ri t ic a l  values at d.f. 2/13 w e r e  F q 5 = ^*80 
and F q -j = 6.70.
For b a n a n a  pulp, the c o m b i n e d  e f f e ct s  of three 
v a r i a b l e s ,  V, V 2 , and ( p H ) 2 a c c o u n t e d  for 8 4 . 2  p e r c e n t  of 
the v a r i a t i o n  in 5 - h y d r o x y t r y p t a m i n e  values. Of the three 
v a r i a b l e s ,  ( p H ) 2 was the l e a s t  s i g n i f i c a n t .  A f t e r  the d e ­
le t i on  of ( p H ) 2 the p air of v a r i a b l e s ,  V and V 2 , a c c o u n t e d  
for 72.7 p e r c e n t  of the v a r i a t i o n .  V 2 was then d e l e t e d ,
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and V a l o n e  a c c o u n t e d  for 5 1 . 2  p e r c e n t  of the v a r i a t i o n  In 
5 - h y d r o x y t r y p t a m i n e  values. If the 5 - h y d r o x y t r y p t a m i n e  is 
r e p r e s e n t e d  by Y ( the e q u a t i o n  r e p r e s e n t i n g  t h e s e  f u n c t i o n s  
i s :
P u l p : Y = 11.179 + 0 . 9 5 7 7 V - 0 . 0 1 5 8 7 V 2 + 0 . 5 5 7 2 ( p H ) 2 .
With R - S q u a r e  = 0.842, the c a l c u l a t e d  m u l t i p l e  F v a l u e  was 
21.30. T h e  critica l v a l u e s  at d.f. 3/12 w e r e  F q j  = 3.49 
and F Qi = 5.95.
T h e s e  e q u a t i o n s  w o u l d  s u g g e s t  t h a t  f a c t o r s  w h i c h  
a f f e c t  5 - h y d r o x y t r y p t a m i n e  c o n t e n t  in b a n a n a  f r u i t  are 
m o r e  n u m e r o u s  1n the p u l p  than in the peel.
D . Gene ral Re m a rk s
The h y d r o x y l n d o l e  n a t u r e  of 5 - h y d r o x y t r y p t a m i n e  was 
useful in s o l v i n g  p r o b l e m s  c o n c e r n i n g  its i d e n t i f i c a t i o n .  
S i m i l a r l y ,  a m o r e  c o m p l e t e  r e f l e c t i o n  on its che m ic a l  c o n ­
s t i t u t i o n  could h e l p  in u n d e r s t a n d i n g  its f o r m a t i o n  in 
c o m p l e x  p l a n t  systems.
5 - H y d r o x y t r y p t a m i n e  n o t  o n l y  r e t a i n s  p h e n o l i c  p r o p ­
e r t i es ,  but 1s a l s o  an a l i p h a t i c  p r i m a r y  am ine h olding, 
c o n s e q u e n t l y ,  a m p h o t e r i c  c h a r a c t e r i s t i c s  w h i c h  e n a b l e  it 
to act as both base and acid. H o w e v e r ,  the p h e n o l i c  g r o u p  
is o n l y  w e a k l y  a c i d ic ,  so t h a t  this g r o u p  begins to form 
s a lts and i onize o n l y  at pH 10 or above. As a result, the 
free base e x i s t s  at pH 10. At p h y s i o l o g i c a l  pH (i.e., 7.2) 
the a m i n o  g r o u p  is p r e s e n t  as c o m p l e t e l y  i o n i z e d  salt.
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O t h e r  a m i n e s  b e s i d e s  5 - h y d r o x y t r y p t a m i n e  are p r e s e n t  
in the b a n a n a  ( T a b l e  3). Some o f  them, like d o p a m i n e ,  
t y r a m i n e ,  and n o r e p i n e p h r i n e ,  a r e  p r e s e n t  in c o n s i d e r a b l e  
amo u nt s .  The a s s o c i a t i o n  of e x p e r i m e n t a l  o b s e r v a t i o n s  and 
d e d u c t i o n s  from the c h e m ic a l  n a t u r e  b r i e f l y  o u t l i n e d  a b o v e  
s u g g e s t s  a p o s s i b l e  c o r r e l a t i o n  b e t w e e n  h y d r o g e n  ion a c ­
t i v i ty  s h i f t s  a n d  the p r e s e n c e  o f  thes e a m i n es  in the 
b a n a n a .
III. E n z y m a t i c  O x i d a t i o n  o f  5-H.ydrox.ytryptamine
T h e m a j o r  ro u t e  o f  d e g r a d a t i o n  of 5 - h y d r o x y t r y p t a ­
m i n e  in m a n y  a nimal t i s s u e s  is t h r o u g h  o x i d a t i v e  d e a m i n a ­
tion by m o n o a m i n e  o x i d a s e  (Fig. 3). T h e  p r o d u c t  of this 
r e a c t i o n  1s g e n e r a l l y  the c o r r e s p o n d i n g  a l d e h y d e  w h i c h  is 
f u r t h e r  o x i d i z e d  to 5 - h y d r o x y i n d o l e a c e t i c  acid. T h e  l a t t e r  
is f o u n d  as an e x c r e t o r y  m e t a b o l i t e ,  and Its a m o u n t  1s i n ­
c r e a s e d  in the u r i n e  f o l l o w i n g  a d m i n i s t r a t i o n  of 5- 
h y d r o x y t r y p t a m i n e  (R e v i e w  of L i t e r a t u r e , S e c t i o n  IV-C).
O x i d a t i o n  can t a k e  place a t  several p oints in the 
m o l e c u l e  of 5 - h y d r o x y t r y p t a m i n e .  The p r i m a r y  a m i n o  g r o u p  
m a y  be o x i d i z e d  to an a l d e h y d e  a n d  e v e n t u a l l y  to an acid. 
This 1s the o x i d a t i o n  w h i c h  is m o r e  f r e q u e n t l y  f o u n d  in 
e n z y m e - c a t a l y z e d  r e a c t i o n s  r a t h e r  than by the a c t i o n  of 
c hemical o x i d i z i n g  agents. A t m o s p h e r i c  o x y g e n  as well as 
o t h e r  c o m m o n  o x i d a n t s  a t t a c k  the d o u b l e  b ond b e t w e e n  p o s i ­
tions 2 a n d  3 in the I n d o l e  ring. The f i r s t  po i n t  of a t ­
t a ck in this r e a c t i o n  s e e m s  to be the n i t r o g e n  a t o m  in the
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i n d o l e  ring w i t h  the f o r m a t i o n  of N - o x i d e  f r o m  w h i c h  the 
o x y g e n  a t o m  m i g r a t e s  to c o m p o s e  a c y c l i c  o x i d e  b e t w e e n  
p o s i t i o n s  2 and 3. This u n s t a b l e  s t r u c t u r e  then c l e a v e s ,  
d e s t r o y i n g  the p y r r o l e  part of the i n d o l e  ring to y i e l d  a 
s u b s t i t u t e d  N -fo rmyl aniline. T h e  b e n z e n e  p o r t i o n  of the 
i n d o l e  ring is also s u b j e c t e d  to o x i d a t i o n  due to the 
p r e s e n c e  of the hydroxyl g r o u p  in p o s i t i o n  5, and t h e r e  is 
some e v i d e n c e  f a v o r i n g  the f o r m a t i o n  of 5 , 6 - d i h y d r o x y -  
i n d o l e s  both in vivo and in v i t r o .
In c o m p l e x  b i o l o g i c a l  s y s t e m s ,  such as in the 
ba n a na ,  e n z y m a t i c  o x i d a t i o n  can be c o m b i n e d  w i t h  s o m e  
s c h e m e  i n v o l v i n g  s i m p l e  c h e m ic a l  o x i d a t i o n  and the p r e v a i l ­
ing a c t i v i t y  will d e p e n d  on the f a v o r a b l e  c o n c u r r e n c e  of 
e n e r g e t i c  f a c t o r s  c h a r a c t e r i s t i c  of s t e a d y  s t a t e  systems.
The t i s s u e  c a t a l y s t  i n v o l v e d  in the o x i d a t i v e  d e ­
a m i n a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in m a m m a l s  has been well 
d e f i n e d  (R e v i e w  of L i t e r a t u r e , S e c t i o n  III), but it is 
still a c o n j e c t u r e  w h e t h e r  the s a m e  c a t a l y s t  also  plays a 
s i m i l a r  role in the d e g r a d a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in 
the banana.
The p u r p o s e  of this s e c t i o n  is to p r e s e n t  e x p e r i m e n ­
tal d a t a  c o n c e r n i n g  the e n z y m a t i c  o x i d a t i o n  of 5 - h y d r o x y -  
t r y p t a m i n e  by b a n a n a  e x t r ac t s .
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A. E n z y m e  K i n e ti c s
For g eneral m e a s u r e m e n t s ,  two s u b s t r a t e s  w e r e  s e ­
le c t ed  to set up b a s i c  c o n d i t i o n s  for d e t e r m i n i n g  the 
c a t a l y t i c  a c t i v i t i e s  of the e n z y m e  p r e p a r a t i o n s .  The two 
s u b s t r a t e s  were: 5 - h y d r o x y t r y p t a m i n e  as the c r e a t i n i n e
s u l f a t e  c o m p l e x  and 4 - h y d r o x y p h e n e t h y l a m i n e ,  the latter 
being the n atu ral s u b s t r a t e  for m o n o a m i n e  o x i d a s e  in 
m a m m al s .
The e n z y m e  in the f o r m  of e x t r a c t s  was o b t a i n e d  
f r o m  b a n a n a  pul p and peel by the e x t r a c t i o n  p r o c e d u r e  o u t ­
lined in E x p e r i m e n t a l , S e c t i o n  VI-A, B. The a s s a y  c o n d i ­
tions e m p l o y e d  in each e x p e r i m e n t  are d e s c r i b e d  in the 
c o r r e s p o n d i n g  f i g u r e s  w h e r e  the r e s u l t s  are a l s o  reported.
M a n o m e t r i c  and s t a n d a r d  as s a y s  w e r e  both u t i l iz e d ,  
but o n l y  data c o n c e r n i n g  o x y g e n  u p t a k e  w e r e  r e p o r t e d  since 
the r e s u l t s  o b t a i n e d  in s t a n d a r d  a ssays w e r e  c o n s i d e r e d  
e i t h e r  p r e l i m i n a r y  or c o n f i r m a t o r y .
Fi g u r e  13 d e p i c t s  the e f f e c t  of pH on the rate of 
o x i d a t i o n  of 5 - h y d r o x y t r y p t a m i n e  and 4 - h y d r o x y p h e n e t h y l - 
a m i n e  by e n z y m e  e x t r a c t  p r e p a r e d  from b anana p u l p  of c l i ­
m a c t e r i c  fruits.
The time c u r v e  d e s c r i b i n g  o p t i m u m  s u b s t r a t e  c o n c e n ­
t r a t i o n  are p r e s e n t e d  in F i g u r e  14. U n d e r  the a s s a y  c o n ­
d i t i o n s ,  a s u b s t r a t e  c o n c e n t r a t i o n  of 0.01 r e p r e s e n t e d  a 
safe level of e n z y m e  s a t u r a t i o n .
K i n e t i c  d a t a  have been c o m p u t e d  and p l o t t e d
Fig. 13. E f f e c t  of h y d r o g e n  ion a c t i v i t y  on the rate ofo x i d a t i o n  of 5 - h y d r o x y t r y p t a m i n e  (•-- •) and4 - h y d r o x y p h e n e t h y l a m i n e  (o o).
A s s a y  c o n d i t i o n s : a m i n e  c o n c e n t r a t i o n ,  0.01 M;p h o s p h a t e  bu ffer, 0 . 0 6 4  M. Total v o l u m e  of r e a c t i o n  m i x t u r e ,  3 ml, 3’i s t r i b u t e d  in the man o-  m e t r l c  f l a s k  as f o l l ow s :  0.5 ml of 15% K0H inc e ntral  cup, 0.5 ml of a m i n e  s u b s t r a t e  and 1.0 ml of b u f f e r  s o l u t i o n  1n the m a i n  c o m p a r t m e n t ,1.0 ml of e n z y m e  p r e p a r a t i o n  added t h r o u g h  the side arm. T e m p e r a t u r e  of t h e  reac ti o n :  28°C.
P r e p a r a t i o n  of e n z y m e  was a c c o m p l i s h e d  as in E x p e r i m e n t a l , s e c t i o n  VI-B, e m p l o y i n g  b a n a n a  p u l p  f r o m  cl 1m a c t e r 1c fruits.
O2 uptake ( / i l / l 5 m i n )




Fig. 14. E f f e c t  of s u b s t r a t e  c o n c e n t r a t i o n  on the rate of o x i d a t i o n  of 5 - h y d r o x y t r y p t a m i n e  and 4 - h y d r o x y p h e n e t h y l a m i n e .
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a c c o r d i n g  to the L i n e w e a v e r - B u r k  m e t h o d  (Fig. 15) to v e r i fy  
how well the e x p e r i m e n t a l  v a l u es  c o r r e s p o n d e d  to the t h e o ­
retical e qua tion.  V e l o c i t i e s  at d i f f e r e n t  s u b s t r a t e  c o n ­
c e n t r a t i o n s  w e r e  p l o t t e d  as r e c i p r o c a l s  f o l l o w i n g  the 
l i n e ar  r e a r r a n g e m e n t  of the M i c h a e l i s - M e n t e n  equa ti o n :
1 _ 1 . / Km 1 ,v ~ V (. v * rsi *m a x  m a x  1 J
B. O x i d a s e  A c t i v i t y  in R i p e n i n g  B a n a n a s
C o m p a r a t i v e  e n z y m a t i c  a s s a y s  w e r e  p e r f o r m e d  e m p l o y ­
ing e x t r a c t s  f r o m  peel and pulp of f r u i t s  at d i f f e r e n t  
s t ages o f  m a t u r i t y .  C o m p a r a t i v e  dat a w e r e  also o b t a i n e d  
from e t h y l e n e - t r e a t e d  and n o n - t r e a t e d  b ananas. R esults 
are g i v e n  in T a b l e s  7 and 8. Th e same t a b l e s  r e p o r t  also 
c o r r e s p o n d l n g  v a l u e s  c o n c e r n i n g  the a m o u n t  of p r o t ei n  e x ­
t r a c t e d ,  peel c o l o r  and r e s p i r a t o r y  rates.
T h e  m e t h o d  e m p l o y e d  to d e t e r m i n e  the p r o t e i n  1n the 
e n z y me  p r e p a r a t i o n  is o u t l i n e d  in E x p e r i m e n t a l , S e c t i o n  VII. 
The p r o c e d u r e  f o l l o w e d  to e s t i m a t e  the Index of act i vi t y ,
Q0 (N), is e x p l a i n e d  in the sam e s ection.
For the p u r p o s e  of these e x p e r i m e n t s ,  the e n z y m e  
u n i t - a c t i v i t y  was d e f i n e d  as the a m o u n t  of e n z y m e  c a p a b l e  
of u t i l i z i n g  one m i c r o l i t e r  of o xygen per m i n u t e  per m i l l i ­
gram o f  pr o t ei n  n i t r o g e n  un d e r  the a s s a y  c o n d i t i o n s .  H o w ­
ever, the re s u lt s  w e r e  e x p r e s s e d  1n m i c r o l i t e r s  of o x y g e n  
taken up per m i l l i g r a m  of p r o t e i n  n i t r o g e n  per hour.
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Table 7
A c t i v i t y  of banana ex t r ac t  on 5 - h y d r o x y t r y p t a m i n e  d uring r ipe ning(without stimulus)
Day
R e s p i r a t o r y  rate (whole fruit) 
u l 0 2 /g/min
R i penes sscale*
P r otein  ext r ac t e d  ( m g / m l ) W N)peel pulp peel pulp
0 2.2 2a 1.8 2.2 70 91
III 3.6 3 1.5 1.4 127 190
VI 4.2 5a 2.1 2.3 114 126
IX 2.6 6 a 2.0 2.2 103 107
XII 2.2 7b 1.9 2.1 90 116
XV 1.1 8 c 2.1 2.8 60 75
XXV <1.0 D 2.3 2.5 23 28
XLV 0.0 DD 2.5 2.7 <4 <7
* R 1 p en e s s  was e s t i ma t e d  on the von L o e s ec k e  color scale as d e s c r i b e d  in E x p e r i m e n t a l , s ection I.
Table 8
A c t i v i t y  of banana e x t r a c t  on 5 - h y d r o x y t r y p t a m i n e  d uring rip e ni n g
(with stimulus)
Day
R e s p i r a t o r y  rate (whole fruit) 
u l 0 2/g/mi n
R1peness scale*
Protein e x t r a c t e d  ( m g / m l ) V >peel pulp pee! pul
0 3.7 4a 2.7 1.8 97 110
III 4.5 5a 1.5 2.0 112 117
VI 5.2 6 a 1.7 2.3 125 132
IX 2.3 7b 2.0 2.7 105 108
XII 1.5 8 c 2.0 1.9 91 98
XV 0.6 8 d 2.3 1.8 75 74
XXV <1.0 D 1.2 1.3 15 23
XLV 0.0 DD 1.7 2.4 <3 <5
* R ipene ss was e s t i m a t e d  on the von L o e s e c k e  color  scale as d e s c ri b e d  in E x p e r i m e n t a l , section I.
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The m a t h e m a t i c a l  symbol d e n o t i n g  less than or equal 
to e m p l o y e d  1n T a b l e s  7 and 8 bears the same m e a n i n g  a l ­
r e a d y  e x p r e s s e d  1n Re s u lt s  and D i s c u s s i o n , S e c t i o n  1 1 ~ A .
C . Initial Rates of O x i d a t i o n  and S u b s t r a t e  P r o f il e
F i gure 16 r e p r e s e n t s  s c h e m a t i c a l l y  the initial 
rates of o x i d a t i o n  of 5 - h y d r o x y t r y p t a m i n e  and 4 - h y d r o x y ­
phen et h y l  ami ne in c o m p a r i s o n  with the initial rates of o x i ­
d a t i o n  of several m o n o -  and d i a m i n e s  e m p l o y e d  as s u b s t r a t e s  
for the e n z y m e  e x t r a c t s  from pulp of c l i m a c t e r i c  bananas.  
The a m i n es  u t i l i z e d  were: 2 - ( 4 - 1 m i d a z o l y l ) - e t h y l a m i n e
( h i s t a m i n e ) ,  1 , 5 - p e n t a n e d i a m i n e  ( c a d a v e r i n e ),
3 , 4 - d i h y d r o x y - a - [ ( m e t h y l a m i n o )  m e t h y l ]  benzyl al cohol 
( e p i n e p h r i n e ) ,  3 - ( 2 - a m i n o e t h y l ) I ndole ( t r y p t a m i n e ) , and 
t r i m e t h y l a m i n e .  T h e  c o m m e r c i a l  s o u r ce s  of these a m i n e s  
are r e p o r t e d  in E x p e r i m e n t a l , S e c t i o n  IX-A.
T a b l e  9 s u m m a r i z e s  the r e s u lt s  o b t a i n e d  in the 
e l a b o r a t i o n  of a s u b s t r a t e  p r o f i l e  u s i n g  e x t r a c t s  f r o m  the 
peel and pulp of p r e c l i m a c t e r i c ,  c l i m a c t e r i c ,  and post- 
c l l m a c t e r i c  bananas. V alues r e p r e s e n t  m i c r o l i t e r s  of o x y ­
gen a b s o r b e d  per m i l l i g r a m  of t i s s ue  n i t r o g e n  per h o u r  
u n d e r  the s p e c i f i e d  c o n d i t i o n s  (Figs. 13 and 16). The 
m a t h e m a t i c a l  symbol d e n o t i n g  less than or equal to r e f e rs  
to m a n o m e t r i c  c o n d i t i o n s  e x p l a i n e d  in a n o t h e r  s e c t i o n  of 
this i n v e s t i g a t i o n  (R e s u lt s  and D i s c u s s i o n , S e c t i o n  II-A).
S i n c e  k i n e t i c  data do not give a f f i n i t i e s ,  in o r d e r  
to s u b s t a n t i a t e  w o r k i n g  a s s u m p t i o n s  c o n t r i b u t i n g  to the
Fig. 16. Initial c o u r s e  of o x i d a t i o n  of m o n o -  a nd d i a m i n e s  by e x t r a c t  f r o m  the pulp of c l i m a c t e r i c  b ananas.
A s s a y  c o n d i t i o n s : A m i n e  c o n c e n t r a t i o n ,  0.01 M;p h o s p h a t e  buf f er ,  0 . 0 6 4  M.(•-— •) 2 - ( 4 - 1 m i d a z o l y l ) - e t h y l a m i n e , pH 7.5; (o— oj l , 5 - p e n t a n e d 1 a m i n e ,  pH 6.2;(A- - k) 5 - h y d r o x y t r y p t a m i n e ,  pH 7.8;(A- - A) 4 - h y d r o x y p h e n e t h v l a m 1 n e ,  pH 8.2;(+-- +) 3 , 4 - d i h y d r o x y - a - L ( m e t h y l a m i n o )  m e t h y l ]benzyl a l c o h o l ,  pH 8.5;(■- - ■) 3 - ( 2 - a m 1 n o e t h y l ) i ndo le, pH 7.7;(a- - d) tr i m e t h y l a m i n e ,  pH 8.5.






















Time ( mi n)
T a b l e  9 
S u b s t r a t e  p r o f i l e
 O xygen u ptake (yl/mg/hr) _ _ _ _ _ _Su b s t r a t e  P r e c l i m a c t e r i c  C l i m a c t e r i c  P o s t c l i m a c t e r i cPeel Pul p Peel Pul p Peel Pul p
3 - { 2 - A m i n o e t h y l ) indole ( t r y ptamine)* 38 36 46 43 <4 7
n - B u ty l a m i n e <4 <7 10 6 12 <4
3 , 4 - D i h y d r o x y - a - C ( m e t h y l  ami no) m e t h y l ] benzyl alcohol (epinephrine) 43 53 58 58 22 36
Dimethyl amine <6 10 <4 10 <4 <4
Ethyl amine 26 30 36 42 21 24
E t h y l e n e d i a m i n e 33 50 40 47 51 44
d - G l uc o s a m i n e 11 18 16 19 <4 12
4 - H y d r o x y p h e n e t h y l a m 1 n e  (tyramlne) 53 57 82 78 102 94
2 - ( 4 - I m i d a z o l y l )- e t h y l a m i n e  (histamine) 128 87 64 133 46 83
M e t h y l a m i n e 11 22 <4 16 18 22
1 , 5 - P en t a n e d 1 a m i n e  (cadaverine) 38 73 111 90 132 117
T r i m e t h y l a m i n e <6 10 11 18 10 <4
( p - H y d r o x y e t h y l ) t r i m e t h y l a m m o n i u m  h y d r ox i d e  (choline) <4 9 20 23
10 15
L - T r y p t o p h a n ; <4 <4 <4 11 <4 <4
♦Chemical n o m e n c l a t u r e  a c c o rd i n g  to Mer ck Index, 18th ed., 1968.
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b u i l d i n g  of a t h e o ry ,  a t t e m p t s  w e r e  m a d e  in the p r e s e n t  
e n z y m a t i c  s t u d y  to m a k e  the e n z y m e  b e h a v i o r a l  model as c o m ­
plete as p o s s i b l e  i n c l u d i n g  initial rates of o x i d a t i o n  and 
a s u b s t r a t e  p rofile. Initial rates of the r e a c t i o n  w e r e  
c o n s i d e r e d  useful to o b t a i n  a m o r e  s p e c i f i c  d e f i n i t i o n  of 
the c a t a l y t i c  a c t i v i t y .  S i m i l a r l y ,  a s u b s t r a t e  p r o f i l e  
may r e f l e c t  e l e m e n t s  w h i c h  c o u l d  be c o m p l e t e l y  m i s s e d  in a 
c o m p a r a t i v e  a s s a y  if c h a n g e s  in the p r o p e r t i e s  of the e n ­
zyme s h o u l d  oc c u r  i n s t e a d  of c h a n g e s  in the a m o u n t  of c a t a ­
lytic a c t i v i t y  per s e .
D. Gen e ra l  R e m a r k s
The i n c r e a s e d  o x y g e n  u p t a k e  o f  e x t r a c t s  in the 
p r e s e n c e  of 5 - h y d r o x y t r y p t a m 1 n e ,  4 - h y d r o x y p h e n e t h y l a m i n e  
(F1g. 14), and t h i r t e e n  o t h e r  a m i n e s  (Fig. 16 and T a b l e  9) 
i n d i c a t e d  that a m i n e  o x i d a s e  was p r e s e n t  1n the e n z y m e  
p r e p a r a t i o n s  o b t a i n e d  by f r a c t i o n i n g  the pulp of full ripe 
b a n a n a s .
In like m a n n e r ,  o x i d a s e  a c t i v i t y  was d e t e c t e d  1n 
both peel and pulp of p r e c l i m a c t e r i c , c l i m a c t e r i c ,  and 
p o s t c l i m a c t e r i c  f ruit.
I n s p e c t i o n  of the data in T a b l e s  7 and 8 r e v e a l s  
that no s u b s t a n t i a l  d i f f e r e n c e  in o verall o x y g e n - u p t a k e  
a c t i v i t y  can be o b s e r v e d  in e t h y l e n e - t r e a t e d  and n o n ­
t r e a t e d  s am ples.  In all c a s e s  the a c t i v i t y  d e t e c t e d  in the 
pulp w a s  h i g h e r  than t h a t  f o u n d  in the peel. The g eneral 
trend of the data s u g g e s t s  o n l y  a s l i g h t  v a r i a t i o n  d u r i n g
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the late p r e c l I m a c t e r i c , c l i m a c t e r i c  a nd e a r l y  p o s t c l i m a c ­
teric. T h i s  r e l a t i v e  c o n s t a n c y  1n a c t i v i t y  is f u r t h e r  
c o n f i r m e d  by d a t a  r e p o r t e d  1n T a b l e  10 w h e r e  the a c t i v i t y  
of b a n a n a  pulp and  peel was s t u d i e d  in the c l i m a c t e r i c  
b a n a n a  a f t e r  t r e a t m e n t  w i t h  m o n o a m i n e  o x i d a s e  in h i bi t o r s .
E x a m i n a t i o n  of the s u b s t r a t e  p r o f i l e  r e v e a l s  g r e a t  
v a r i a t i o n  in the b e h a v i o r  of the e n z y m e  p r e p a r a t i o n s .  The 
a m i n e s  m o s t  r e a d i l y  o x i d i z e d  d u r i n g  the p r e c l i m a c t e r i c  
were: 2 - ( 4 - i m i d a z o l y l )-ethyl a m i n e , 2 - h y d r o x y p h e n e t h y l a m i n e ,
and 3 , 4 - d i h y d r o x y - a - [ ( m e t h y l a m i n o )  m e t h y l ]  benzyl alcohol 
1n the peel; 2 - ( 4 - i m i d a z o l y l ) - e t h y l a m 1 n e , 1 , 5 - p e n t a n e -  
d i a m i n e ,  and 4 - h y d r o x y p h e n e t h y l a m i n e  in the pulp.
D u r i n g  t h e  c l i m a c t e r i c :  1 , 5 - p e n t a n e d i a m i n e ,
4 - h y d r o x y p h e n e t h y l a m i n e ,  and 2 - ( 4 - i m i d a z o l y l ) - e t h y l a m i n e  
in the pe el; 2 - ( 4 - i m i d a z o l y l ) - e t h y l a m i n e , 1 , 5 - p e n t a n e -  
d i a m i n e ,  and 4 - h y d r o x y p h e n e t h y l a m i n e  in the pulp.
D u r i n g  the p o s t c l i m a c t e r i c :  1 , 5 - p e n t a n e d 1 a m 1 n e ,
4 - h y o ' r o x y p h e n e t h y l a m i n e ,  and e t h y l e n e d i a m i n e  in the peel;
1 , 5 - p e n t a n e d i a m i n e ,  4 - h y d r o x y p h e n e t h y l a m i n e ,  and 
2 - ( 4 - i m i d a z o l y l ) - e t h y l a m i n e  in the pulp.
T h e  a m i n e s  m o s t  r e a d i l y  a t t a c k e d  d u r i n g  all p e r i o d s  
by both peel and pulp of the b a n a na  w ere: 4 - h y d r o x y p h e n -
e t h y l a m i n e ,  2 - ( 4 - i m 1 d a z o l y l ) - e t h y l a m i n e ,  and 1 , 5 - p e n t a n e -  
d iamine.
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T a b l e  10
A c t i v i t y  of b a n a n a  e x t r a c t  on 5 - h y d r o x y t r y p t a m i n e  1 n c l i m a c t e r i c  f r u i t  d u r i n g  in vivo i n h i b i t i o n
P r o t e i n  e x t r a c t e d  Q n (N)Day _ _ _ _ _  (mg/ml)  z______peel pulp peel pulp
I 1.2 2.0 107 114
II 1.5 1.8 102 110
III 1.7 1.7 95 96
IV 1.0 1.3 98 92
V 2.3 2.8 105 125
VI 1.4 1 .5 63 72
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IV. E f f e ct s  of "in vivo*1 I n h i b i t i o n
The p r o c e d u r e  e m p l o y e d  for the e x t r a c t i o n  of e nzymes 
f r o m  the ba n a n a  w a s  ai m e d  at the i s o l a t i o n  of the cell 
m i t o c h o n d r i a l  f r a c t i o n  (E x p e r i m e n t a l , S e c t i o n  VI-B) with 
the i n t e n t i o n  of o b t a i n i n g  an e n z y m e  p r e p a r a t i o n  w i t h  
m a r k e d  c a t a l y t i c  a c t i o n  on p r i m a r y  amines. I n s p e c t i o n  of 
the r e s u l t s  r e p o r t e d  in T a b l e  9 seems to rule o u t  such a 
possi b i 1 1 t y .
The b a n a na  u n d o u b t e d l y  c o n t a i n s  m u l t i f o l d  e n z y m a t i c  
a c t i v i t i e s  in its cell p a r t i c u l a t e  f r a c t i o n  (among others, 
a l s o  m o n o a m i n e  o x i d a s e ,  as s h o w n  by T a b l e  9), but the c h a l ­
lenge p r e s e n t e d  by i s o l a t i o n  had a l r e a d y  d e f e a t e d  m a n y  
a t t e m p t s  (R e v i e w  o f  L i t e r a t u r e , S e c t i o n  I I I - A , 1 and 2).
H o w e ve r ,  the c h o i c e  m a d e  in this i n v e s t i g a t i o n  of 
I n h i b i t i n g  in v i v o  the b a n a n a  m o n o a m i n e  o x i d a s e  a c t i v i t y  
y i e l d e d  r e s u lt s  t h a t  m e r i t e d  f u r t h e r  study.
S u b s t a n c e s  c a p a b l e  of r e v e r s i b l y  i n h i b i t i n g  m o n o ­
a m i n e  o x i d a s e  in animal s y s t e m s  w e r e  e m p l o y e d ,  and their 
e f f e c t  on the f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  wa s studied.
F i g u r e  17 g i v e s  an i l l u s t r a t i v e  r e p r e s e n t a t i o n  of 
s e l e c t e d  o p e r a t i o n a l  c o n d i t i o n s ,  and F i g u r e  18 (a, b, c) 
d e p i c t s  p h o t o g r a p h i c a l l y  the r esult s.
T a b l e  10 r e p o r t s  data on e n z y m a t i c  a c t i v i t y  of 
b a n a n a  e x t r a c t s  d u r i n g  in v i v o  e x p e r i m e n t a t i o n .  E n z y me 
e x t r a c t s  used to m e a s u r e  this c a t a l y t i c  a c t i v i t y  w e r e  p r e ­
p a r e d  u t i l i z i n g  t h e  b a n a n a  t r e a t e d  w i t h  the d i f f e r e n t
Fig. 17. E x p e r i m e n t a l  c o n d i t i o n s  for d e t e r m i n i n g  the e f f e c t  of i s o c a r b o x a z i d ,  t r a n y l c y p r o m i n e ,  p h e n e l z i n e ,  and ethyl a l c o ho l  on the w h o l e  f r u i t  o f  c l i m a c t e r i c  ban a na s .
D e s c r i p t i o n  of the p r o c e d u r e  is g i v e n  in E x p e r i m e n t a l . s e c t i o n  VIII.

Fig. 18. P h o t o g r a p h s  of b a n a n a s  a f t e r  the 1st an d 2nd day of t r e a t m e n t  w i t h  i s o c a r b o x a z i d ,  t r a n y l c y p r o m i n e ,  p h e n e l z i n e  a n d  ethyl a lco hol.
B l a c k  and w h i t e  p h o t o g r a p h s  w e r e  taken w i t h  K o d a k  p l u x - X  Pan F i l m  in d a y l i g h t .
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Fig. 18 ( c o n t' d . ) .  T h e  same f r u i t s  a f t e r  t h e  3 r d  and 4th d a y  of t r e a t m e n t  w i t h  I s o c a r b o x a z i d ,  t r a n y l ­c y p r o m i n e ,  p h e n e l z i n e  and ethyl a l c o h o l .
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18 (cont'd.). The s a m e  s a m p l e s  a f t e r  the 5th and 6th day of t r e a t m e n t  w i t h  i s o c a r b o x a z i d ,  t r a n y l ­c y p r o m i n e ,  p h e n e l z i n e  a n d  ethyl alcohol.
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i n h i b i t o r s .  H o w e ve r ,  s i n c e  b a n a n a s  f r o m  v a r i o u s  t r e a t ­
m e n t s  w e r e  p o o l e d  t o g e t h e r  p r i o r  to the e x t r a c t i o n ,  the 
re s u lt s  sh o w n  in T a b l e  10 r e f l e c t  the c o m b i n e d  e f f e c t  of 
several i n h i b i t o r s .
U n d e r  c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s  a total of 
143 i n d i v i d u a l  b a n a n a s  w e r e  r a n d o m l y  a s s i g n e d  to 13 g r o u ps  
of 11 b a n a n a s  each and, as d e s c r i b e d  in E x p e r i m e n t a l » S e c ­
tion V I I I ,  each g r o u p  r e c e i v e d  a d i f f e r e n t  t r e a t m e n t .  The 
peel and pulp of each b a n a n a  w e r e  then a n a l y z e d  s e p a r a t e l y  
for 5 - h y d r o x y t r y p t a m i n e .  The r e s u l t i n g  286 v a l u e s  of 5- 
h y d r o x y t r y p t a m i n e  are p r e s e n t e d  1n T a b l e  4-A (A p p e n d i x ) . 
T h e s e  d a t a  c o r r e s p o n d e d  to t h o s e  of a 2 x 11 x 13 f actorial 
d e s i g n ,  n amely, 2 parts of b a n a n a  f r u i t  (peel and pulp), 11 
i n d i vi d u a l  b a n a n a s ,  and 13 l a b o r a t o r y  t r e a t m e n t s .  No r e p ­
l i c a t i o n  was u s e d  and e r r o r  v a r i a n c e  was e s t i m a t e d  from 
the high o r d e r  i n t e r a c t i o n .  T h e  r esu lts of the a n a l y s i s  of 
v a r i a n c e  are p r e s e n t e d  in T a b l e  11.
T h e  m e a n  a m o u n t  of 5 - h y d r o x y t r y p t a m i n e  in the 143 
b a nana peels was 213.9 p g / g ;  t h a t  1n the c o r r e s p o n d i n g  143 
pulps was 103.9 pg/g. T h e  d i f f e r e n c e ,  110.0 p g / g ,  b e t w e e n  
the two v a l u e s  was very h i g h l y  s i g n i f i c a n t  (p < 0 .01), as 
I n d i c a t e d  by the F v a l u e ,  1 , 5 7 3. 7 5 .
The o v e r a l l  m e a n  v a l u e  o f  5 - h y d r o x y t r y p t a m i n e  in 
the 143 c o m b i n e d  peels and p u l p s  was 158.9 pg/g. S i m i l a r  
p e e l - a n d - p u l p  o verall m e a n s  of the e l e v en  b a n a n a  f ruits 
that had been r a n d o m l y  a s s i g n e d  to the t h i r t e e n  d i f f e r e n t  
l a b o r a t o r y  t r e a t m e n t s  were:
Table 11
A n a l ys i s  of v a r i a n c e  for 5-hydroxytryptaraine in banana fr uit
S o urce of v a r i a t i o n  d.f. M.S.
Total 285
A. Parts of fruit (peel and pulp' 1 8 6 5 , 4 1 4 . 0 2 1 , 5 7 3. 7 5 * * 1/120
B. Individual bananas 10 547.69 oo• 1 0 / 120
C. L a b o r a t o r y  t r eatme nts 12 154,134.81 280. 29 * * 1 2/120
AB. Parts x Bananas 10 716.26 1.30 10/120
AC. Parts x T r e a t m e n t s 12 1 1 7 , 12 6 . 8 9 212 . 99 * * 12/120
BC. Bananas x Treatm e n t s 120 634.16 1.15 1 20/120
ABC. Parts x Bananas x T r e a tm e n t s 120 549.91(Error term)
**p < 0.01
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5 - H T , u g / g  158.6, 163.6, 157.5, 161 .0, 1 60.6,
F r u i t  No. 1 2  3 4 5
164.2, 155.5., 157. 2, 152.2, 152.0, and 165.6
6 7 8 9 10 11
The c a l c u l a t e d  F v alue, 1.00, was not s i g n i f i c a n t  (p > 0.05). 
T h e  c r i t i c a l  v a l u e s  at d.f. 1 0 / 1 2 0  w e r e  F Q5 = 1. 90 and 
F = 2.47. This i n d i c a t e s  t h a t  the d i s t r i b u t i o n  of the 
I n d i v i d u a l  b a n a n a s  a m o n g  the t h i r t e e n  d i f f e r e n t  g r o u p  
t r e a t m e n t s  was i n d e e d  t r u l y  random.
T a b l e  12 r e p o r t s  the ov e r al l  m e a n  v a l u e s  of 5- 
h y d r o x y t r y p t a m i n e  l i s t ed  in a s c e n d i n g  o r d e r  of c o n t e n t  
(peel and p u l p  c o m b i n e d )  f o r  the t h i r t e e n  g r o u p  t r e a t m e n t s  
o f  b a n a na s .
Th e  c a l c u l a t e d  F v a l u e  was 2 8 0 . 2 9  w h i c h  w a s  v e r y  
s i g n i f i c a n t  (p < 0.01). The  c r i t i c a l  v a l u e s  at d.f. 1 2 / 1 2 0  
w e r e  F Q5 = 1.83 and F = 2.33.
T a b l e  13 g i v e s  the m e a n s  of the 5 - h y d r o x y t r y p t a m i n e  
va l u e s ,  u g / g ,  for the i n t e r a c t i o n ,  par ts x b a n a n a s ,  t h a t  
1s, peel and pulp x a s s i g n e d  f r u i t  n umber. T h e  5 - h y d r o x y ­
t r y p t a m i n e  m e a n  v a l u e s  f o r  peel r a n g e d  f r o m  8 8 . 7 %  to 1 2 1 . 0 %  
g r e a t e r  than the c o r r e s p o n d i n g  v a l u e s  f o r  pulp. T h e  F 
v a l u e  for this b i v a r i a t e  i n t e r a c t i o n  was 1.30 w h i c h  was 
not s i g n i f i c a n t  (p > 0. 0 5 ).  The c r i t i c a l  v a l u e s  at d.f. 
10 / 1 20  w e r e  F = 1.90 a n d  F Q i = 2.47. This i n d i c a t e s  
t h a t  the r e l a t i o n s h i p  b e t w e e n  peel and p u l p  w i t h  r e g a r d  to 
the e l e v e n  g r o u p s  of i n d i v i d u a l  b a n a n a  f r u i t s  was
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T a b l e  12
O v erall  m e a n  v a l u es  of 5 - h y d r o x y t r y p t a m i n e  l i s t e d  in a s c e n d i n g  o r d e r  of c o n t e n t  (peel and p u l p  c o m b i n e d )  for the t h i r t e e n  g r o u p  t r e a t m e n t s
5 - H T
(ug/g)
None (control ) 58.1
D i s t i l l e d  w a t e r 67.9
10 mg I s o c a r b o x a z i d 8 3 . 2
75 mg P h e n e l z i n e 83.6
150 mg P h e n e l z i n e 131 .7
50 mg I s o c a r b o x a z i d 135.6
50 mg T r a n y l c y p r o m l n e 137.0
100 mg I s o c a r b o x a z i d 163.5
200 mg T r a n y l c y p r o m i n e 187.8
50* Ethyl alcohol 195.3
100 mg T r a n y l c y p r o m i n e 201.7
95* Ethyl a lco hol 27 3 . 9
200 mg T r a n y l c y p r o m i n e 3 4 6 . 6
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T a b l e  13
M e a n  a m o u n t s  of 5 - h y d r o x y t r y p t a m i n e  in b a n a n a s  (peel and pulp) f o r  the i n t e r a c t i o n ,  parts x ba n a na s
F r u i t A m o u n t  of 5-HT, pg/g Di f f e r e n c eN u m b e r peel pulp yg/g P e r c e n t
1 21 4 . 4 102.8 111.6 108.6
2 22 1 . 2 105.9 115.3 108.9
3 215.5 99.6 115.9 116.5
4 2 2 1 . 4 100.5 120.9 120.2
5 2 1 5 . 2 106.0 109.2 103.0
6 2 2 2 . 6 105.7 116.9 110.6
7 204.5 106.5 98.0 92.0
8 21 1 . 9 102.5 109.4 106.7
9 199.0 1 0 5 . 4 93.6 88.7
10 199.3 104.6 94.7 90.5
11 228.0 103.1 124.9 121.0
n o
c o n s i s t e n t  w i t h  r e s p e c t  to m e a n  5 - h y d r o x y t r y p t a m i n e  v a l u e s ,  
and t h a t  a r a n d o m  a s s i g n m e n t  of I n d i v i d u a l  b a n a n a s  to the 
d i f f e r e n t  g r o u p s  had been achi ev e d .  S i m i l a r l y ,  the F v a l u e  
of 1.15 for the i n t e r a c t i o n ,  b a n a n a s  x t r e a t m e n t s ,  that is, 
e l e v e n  a s s i g n e d  f r u i t  n u m b e r s  x t h i r t e e n  t r e a t m e n t s ,  was 
n o t s i g n i f i c a n t  (p > 0.05). The c r i t ic a l  v a l u es  at d.f. 
1 2 0 / 1 2 0  w e r e  F gg = 1.38 and F = 1.56. This i n d i c a t e s  
that the r e l a t i o n s h i p  d e n o t e d  in this b i v a r i a t e  i n t e r a c t i o n  
with r e s p e c t  to the m e a n  va l u es  of 5 - h y d r o x y t r y p t a m i n e  was 
c o n s i s t e n t  f or all g r o u p s  of bananas.
T h e m e a n s  of the 5 - h y d r o x y t r y p t a m i n e  v a l u e s  for the 
i n t e r a c t i o n ,  parts of b a n a n a s  x l a b o r a t o r y  t r e a t m e n t s ,  t o ­
g e t h e r  with the v a r i o u s  d i f f e r e n c e s  b e t w e e n  peel and p u l p 
a s s o c i a t e d  w i t h  the t h i r t e e n  t r e a t m e n t s  are g i v e n  in 
T a b l e  14.
In T a b l e  14, b a s e d  on the m e a n  pulp 5 - h y d r o x y ­
t r y p t a m i n e  v a l u e s ,  the p e r c e n t  d i f f e r e n c e  b e t w e e n  peel and 
pulp r e s p o n s e s  to the v a r i o u s  t r e a t m e n t s  are l i s t e d  in 
a s c e n d i n g  o r d e r  in the r i g h t - h a n d  column. An i n s p e c t i o n  
of t h e s e  p e r c e n t  d i f f e r e n c e s  r e v e a l s  t h a t  i s o c a r b o x a z i d  in 
50 and 100 m g / 1 0 0  ml c o n c e n t r a t i o n s  was a s s o c i a t e d  with 
g r e a t e r  a m o u n t s  of 5 - h y d r o x y t r y p t a m i n e  in peel t h a n  in 
pulp. C o n c e n t r a t i o n s  of 75 m g / 1 0 0  ml of p h e n e l z i n e  and 
10 m g / 1 0 0  ml of 1s o c a r b o x a z l d  w e r e  a l m o s t  i d e n t i c a l  in 
their p r o p o r t i o n a t e ,  as well as a b s o l u t e ,  e f f e c t s  on i n ­
c r e a s i n g  m e a n  5 - h y d r o x y t r y p t a m i n e  v a l u e s  in peel and in
m
T a b l e  14
M e a n  a m o u n t s  o f 5 - h y d r o x y t r y p t a m i n e  in b a n a n a s  (peel and pulp) f o r  the i n t e r a c t i o n ,  p a r t s  x t r e a t m e n t s
T r e a t m e n t A m t  of 5-HT, u g / g Di f f e r e n c epeel pulp u g /g P e r c e n t
100 mg I s o c a r b o x a z i d 1 3 0 . 3 196.8 -6 6 . 5 - 3 3 . 8
50 mg I s o c a r b o x a z i d 1 1 6 . 9 154.3 - 3 7 . 4 - 2 4 . 3
U n t r e a t e d  (con tr o l ) 6 0 . 7 55.4 5.3 9.6
D i s t i l l e d  w a t e r 7 4 . 5 6 1 .2 13.3 21.6
225 mg P h e n e l z i n e 2 0 9 . 4 166.1 43.3 26.1
75 m g P h e n e l z i n e 9 6 . 4 70.9 2 5 . 5 36.0
10 mg I s o c a r b o x a z i d 9 6 . 4 70.0 26.4 37.8
150 mg P h e n e l z i n e 1 7 5 . 7 87.6 88.1 100.5
100 mg T r a n y l c y p r o m i n e 3 0 7 . 6 95.7 211 .9 221 .6
50 mg T r a n y l c y p r o m i n e 2 0 9 . 2 64.8 144.4 223.1
200 mg T r a n y l c y p r o m i n e 5 4 4 . 4 1 4 8.8 395.6 265.9
50% Ethyl alcohol 3 1 4 . 7 75.9 2 3 8 . 8 3 1 4 . 4
95% Ethyl alc ohol 4 4 4 . 7 103.2 341.5 3 3 1 . 0
H i s t o g r a m  i l l u s t r a t i n g  c o m p a r a t i v e  a m o u n t s  of 5 - h y d r o x y t r y p t a m i n e  1n u g / g  as d e t e r m i n e d  1n b a n a n a s  t r e a t e d  w i t h  i s o c a r b o x a z i d ,  t r a n y l ­c y p r o m i n e ,  p h e n e l z i n e  a n d  ethyl a l c o h o l .
R e l a t i v e  a m o u n t s  w i t h  s t a n d a r d  d e v i a t i o n s  are p l o t t e d  v e r s u s  le v e ls  o f  c o n c e n t r a t i o n .




























2 2 5 m g 5 0 % 9 5 %
TRANYLCYPROMINE PHENELZINE CH3 CH2 OH
113
pulp. T r a n y l c y p r o m i n e ,  in all t hree c o n c e n t r a t i o n s ,  was 
a s s o c i a t e d  with mu ch g r e a t e r  p r o d u c t i o n  of 5 - h y d r o x y t r y p t a -  
m i n e  1n peel than in pulp; at a c o n c e n t r a t i o n  of 200 mg/
100 ml, this i n h i b i t o r  gave a 9 - f o l d  i n c r e a s e  in peel 5- 
h y d r o x y t r y p t a m i n e  as c o m p a r e d  with the u n t r e a t e d  control. 
Ethyl a l c o h o l  also g r e a t l y  i n c r e a s e d  the p r o d u c t i o n  of 5- 
h y d r o x y t r y p t a m i n e  in peel.
T h e  F v a l u e  for  this i n t e r a c t i o n ,  part of b a n a n a  x 
l a b o r a t o r y  t r e a t m e n t s ,  was 2 1 2 . 9 9  w h i c h  was v e r y  h i g h l y  
s i g n i f i c a n t  (p < 0.01). The c r i t ic a l  v a l u e s  at d.f.
1 2 /120 w e r e  F gg = 1.83 and F Q -j = 2.33. This i n d i ca t e s  
t h at the r e l a t i o n s h i p  b e t w e e n  peel and p u l p  x group t r e a t ­
m e n t s  w i t h  r e s p e c t  to m e a n  5 - h y d r o x y t r y p t a m i n e  values was 
not c o n s i s t e n t  for all t r e a t m e n t s .
II
G E N E R A L  D I S C U S S I O N
A N D
C O N C L U S I O N S
GENERAL DISCUSSION AND CONCLUSIONS
The b a n a n a  is an i m p o r t a n t  food in m a n y  t ropical  
and s u b t r o p i c a l  c o u n t r i e s  w h e r e ,  in some cases, it c o n s t i ­
tutes the s t a p l e  diet. In a d d i t i o n ,  the i m p o r t a n c e  of 
this food as a c o m m o d i t y  for i n t e r n a t i o n a l  trade can 
h a r d l y  be o v e r e m p h a s i z e d .
B a n a n a s  a r e  a c c e p t e d  the w o r l d  o v e r  as n u t r i t i o n a l l y  
and a l s o  t h e r a p e u t i c a l l y  v a l u a b l e .  M a r k e t w i s e ,  t h e y  are 
g e n e r a l l y  c o n s i d e r e d  f o o d  items to be c o n s u m e d  fresh. The 
c o m m e r c i a l  s t r e ss  on the p e r i s h a b i l i t y  of this f r u i t  has 
d i r e c t e d  the a t t e n t i o n  o f  m a n y  r e s e a r c h e r s  p r i m a r i l y  t o w a rd  
a s p e c t s  of a g r o n o m i c  p r o d u c t i o n  and i m p l e m e n t a l  t e c h n i q u e s  
of p r e s e r v a t i o n .
From the p r e s e n t  work, h o w e v e r ,  the e x c e l l e n c e  of 
b a n a n a s  has c l e a r l y  e m e r g e d  as useful m a t e r i a l  f or the 
s t u d y  of amines: b e s i d e s  b e i n g  rich in p h y s i o l o g i c a l l y
a c t i v e  a m i n e s  su ch as d o p a m i n e ,  n o r e p i n e p h r i n e ,  5 - h y d r o x y -  
t r y p t a m l n e ,  and t y r a m i n e ,  b a n a n a s  s h o w  the u n i q u e  f e a t u r e  
of a s t r i k i n g  d i f f e r e n c e  b e t w e e n  a m i n e  c o n t e n t  in the peel 
c o m p a r e d  w i t h  t h a t  in the pulp.
This c h a r a c t e r i s t i c ,  so I n s t r u m e n t a l  in e s t a b l i s h i n g  
w o r k i n g  h y p o t h e s e s  for m e t a b o l i c  s t u d i e s ,  has c a u s e d  some 
c o n f u s i o n  in the l i t e r a t u r e  ( T a b l e  3-A, A p p e n d i x ) . N e v e r ­
t h e l e s s ,  in li g h t  o f  f i n d i n g s  o b t a i n e d  in this i n v e s t i g a ­
tion, t h e s e  r e s u l t s  can be c o n s i d e r e d  as o n l y  a p p a r e n t l y
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c o n t r a d i c t o r y .  In fact, d u r i n g  the p r e c l i m a c t e r i c  state 
the c o n c e n t r a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in the pulp is 
h i g h e r  than in the peel; c o n v e r s e l y ,  d u r i n g  c l i m a c t e r i c  
and p o s t c l i m a c t e r i c  s t a t e s  the c o n c e n t r a t i o n  of 5 - h y d r o x y ­
t r y p t a m i n e  in the peel is h i g h e r  than in the pulp. T he  
d e t e r m i n a t i o n  of this c o m p o u n d  w i t h o u t  p r e v i o u s l y  e s t a b ­
l i s h i n g  r e s p i r a t o r y  c o n d i t i o n s  or o t h e r  e x t r i n s i c  f a c t o r s  
at the time of a n a l y s i s  will c e r t a i n l y  i n d u c e  m i s l e a d i n g  
c o n c l u s  i o n s .
M o r e o v e r ,  in m a n y  r e p o rt s ,  term s l i k e  u n d e r - r i p e , 
ri p e , and over-ri pe a p p e a r  w i t h  v a l u e s  of 5 - h y d r o x y t r y p t a -  
mine. S i n c e  these d e s i g n a t i o n s  are n ot a c c o m p a n i e d  by any 
s u p p o r t i v e  data, it can be a s s u m e d  t h a t  m a t u r i t y  has been 
d e t e r m i n e d  s o l e l y  on the peel color. The a d o p t i o n  and use 
of a c o l o r  scale (for e x a m p l e ,  von L o e s e c k e ' s  g u i d e  to the 
s t a g e s  of r i p e n e s s ,  E x p e r i m e n t a l , S e c t i o n  I) with no c o r r e ­
la t i o n  to e x t r i n s i c  m e a s u r e m e n t s  can lead to e r r o n e o u s  
j u d g m e n t s  of r i p e n e s s  d u e  to pers on a l  s u b j e c t i v i t y ,  
s p e c i e s  v a r i a t i o n ,  and c h i l l i n g  d u r i n g  o c e a n i c  t ransport. 
O x y g e n  a b s o r b e d  by the f r u i t  d u r i n g  r e s p i r a t i o n  m a y  s u p p l y  
a s i m p l e  and r e l i a b l e  c r i t e r i o n  for d i f f e r e n t i a t i n g  b e t w e e n  
p r e c l i m a c t e r i c ,  c l i m a c t e r i c ,  or p o s t c l i m a c t e r i c  fr u i ts ,  and 
j u d g i n g  the c o r r e l a t i o n  b e t w e e n  m a t u r i t y  a n d  peel color.
L a b o r a t o r y  m e a s u r e m e n t s  of r e s p i r a t o r y  and h y d r og e n 
ion a c t i v i t i e s  u n d e r t a k e n  in this w o r k  on b a n a n a s  of the 
s p e c i e s  M u s a  c a v e n d i s h i i  c o n f i r m e d  d a t a  l o n g  e s t a b l i s h e d
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by m a n y  w o r k e r s  (Olney, 1926; Gane, 1936; W a r d l a w  and 
L e o n ar d ,  1939; 1940). L i k e w i s e ,  the d e g r e e s  of v a r i a t i o n  
In t h e s e  data r e m a i n e d  well w i t h i n  the l i m i t s  g e n e r a l l y  
a c c e p t e d  for m a n y  v a r i e t i e s  of this f r u i t  (Sgarbi eri et 
a K  , 1 965/66; 1966).
Data c o n c e r n i n g  amine o x i d a s e  a c t i v i t y  are in f u n d a ­
mental a g r e e m e n t  wit h data r e p o r t e d  for a n a l o g o u s  e n z y m e  
sy s t e m s  in the b a n a n a  (Palmer, 1963; S g a r b i e r i  et a l ., 
1965/66; 1966; H aard, 1971), and  a n a l o g o u s  s y s t e m s  in 
ot h e r  fruits and v e g e t a b l e s  ( K e n te n  and M a n n ,  1952; M a n n ,  
1955).
The o b s e r v e d  f l u c t u a t i o n  in a m i n e  c a t a l y s i s  from 
d i f f e r e n t  part s of th e banana m a y  lay f u r t h e r  e m p h a s i s  on 
the b i o c h e m i c a l  and p h y s i o l o g i c a l  d i f f e r e n c e s  n o t e d  a b o v e  
with r e s p e c t  to the f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in 
peel and pulp. On the o t h e r  hand, the i n a b i l i t y  to o b t a i n  
a m a r k e d  m o n o a m i n e  o x i d a s e  a c t i v i t y  can r e f l e c t  i n a d e q u a c y  
in i s o l a t i o n  a t t e m p t s  (R e s u l t s  and D i s c u s s i o n , S e c t i o n  IV), 
or c h a n g e s  in the e n z y m e  p r o p e r t i e s  du r i ng  m a n i p u l a t i o n s .
S u p p l e m e n t a r y ,  but n o n e t h e l e s s  i m p o r t a n t  in f o r m u ­
la t i ng  r e c o m m e n d a t i o n s  for f u t u r e  I n v e s t i g a t i o n s ,  are the 
re s u l t s  of m u l t i p l e  r e g r e s s i o n  a n a l y s e s  on data r e p o r t i n g  
the e f f e c t  of h y d r o g e n  ion a c t i v i t y  and o x y g e n  u p t a k e  on 
the f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in peel and pulp 
(R e s u l t s  and D i s c u s s i o n . S e c t i o n  11- B ). T h e  c o m b i n e d  e f ­
fects of two v a r i a b l e s  a c c o u n t e d  for 98.1 p e r c e n t  of th e  
v a r i a t i o n s  in 5 - h y d r o x y t r y p t a m 1 n e  in the peel;  on the
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o t h e r  hand, the c o m b i n e d  e f f e c t  o f  three v a r i a b l e s  a c ­
c o u n t e d  onl y for 8 4 . 2  p e r c e n t  of the v a r i a t i o n s  1n 5- 
h y d r o x y t r y p t a m l n e  1n the pulp. T h e  c o r r e s p o n d i n g  e q u a t i o n s  
r e p r e s e n t i n g  th ese f u n c t i o n s  w o u l d  s u g g e s t  that the b i o ­
c h e m ic a l  s y s t e m  w h i c h  is o p e r a t i v e  in the pulp is e n d o w e d  
with a h i g h er  d e g r e e  of c o m p l e x i t y  than the one in the 
peel. One m i g h t  well s p e c u l a t e  w h e t h e r  t h e s e  i n d i c a t i o n s  
s u p p o r t  the h y p o t h e s i s  f o r m u l a t e d  e a r l i e r  (E x p e r i m e n t a l ) 
that the f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  is e n z y m a t i c a l l y  
c o n t r o l l e d ,  in w h i c h  case the i n c r e a s e d  c o n c e n t r a t i o n s  of 
5 - h y d r o x y t r y p t a m i n e  o b s e r v e d  in the peel d u r i n g  c l i m a c t e r i c  
and p o s t c l i m a c t e r i c  s t a t es  will o c c u r  b e c a u s e  the e n z y m a t i c  
r e g u l a t i o n  that c o n t r o l s  Its f o r m a t i o n  w o u l d  b e c o m e  less 
o p e r a t i v e  in the peel than in the pulp. S i m i l a r l y ,  the 
s t e a d y  i n c r e a s e  in pH in the pulp can be e x p l a i n e d  by a 
c o n t i n u o u s  a c c u m u l a t i o n  of a m i n e  or a m 1 n e - 1 1 k e  c o m p o u n d s .  
The h i g h e r  pH v a l u e s  1n the peel in c o m p a r i s o n  w i t h  the 
pulp, which are c o n s i s t e n t l y  o b s e r v e d  in c l i m a c t e r i c  and 
p o s t c l i m a c t e r i c  f r u i t ,  w o u l d  r e s u l t  from t h e  p r e s e n c e  of 
l a r g e r  a m o u n t s  of a m i n e s  (among o t h e rs ,  5 - h y d r o x y t r y p t ­
amine) in the peel as c o m p a r e d  to t h e  pulp. If the e n ­
z y m a t i c  c ontrol ( c o n c e i v a b l y  of the order of m o n o a m i n e  o x i ­
da s e s)  is g o v e r n i n g  t h e  f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in 
the b a n a n a ,  q u e s t i o n s  then a r i s e  a b o u t  th e f o r m a t i o n  
m e c h a n i s m  itself. E n z y m a t i c  d e c a r b o x y l a t i o n  of a m i n o  acids 
is a c o m m o n l y  k n o w n  m o d e  of f o r m a t i o n  of a m i n e s  in animals. 
S i m i l a r  d e c a r b o x y l a t i o n  m e c h a n i s m s  are a l s o  known to o c c u r
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in s ome toxic plants. H o w e v e r ,  in the b a n a n a  no d e c a r -  
b o x y l a t i n g  e n z y m e  has e v e r  been d e m o n s t r a t e d .  Even the 
usual i m m e d i a t e  p r e c u r s o r  of 5 - h y d r o x y t r y p t a m i n e ,  5- 
h y d r o x y t r y p t o p h a n ,  has e l u d e d  e f f o r t s  to d e m o n s t r a t e  its 
p r e s e n c e  (R e v i e w  of L i t e r a t u r e , S e c t i o n  IV-C). T h e  pa r e nt  
a m i n o  aci d t r y p t o p h a n  co u l d  be e n t i r e l y  a b s e n t  in b ananas 
( T able 1-A, A p p e n d i x ) . If the i n c r e a s e  of 5 - h y d r o x y t r y p t -  
a m i n e d u r i n g  r i p e n i n g  s u g g e s t s  that e n z y m e s  i n v o l v e d  in its 
f o r m a t i o n  are s o m e h o w  a s s o c i a t e d  w i t h  r e s p i r a t o r y  e n z y me s ,  
the c o n t i n u o u s  p r o d u c t i o n  of this s u b s t a n c e  d u r i n g  the 
late p o s t c l i m a c t e r i c  p e r i o d  w h e n  r e s p i r a t o r y  e n z y m e s  are 
less o p e r a t i v e  m a y  s u g g e s t  t h a t  m e c h a n i s m s  o t h e r  t h a n  th ose 
c o n n e c t e d  w i t h  e n z y m a t i c  f a c t o r s  m i g h t  be i n v o l v e d  (Res u lt s  
and D i s c u s s i o n , S e c t i o n  III).
Use of the m o n o a m i n e  o x i d a s e  i n h i b i t o r s  i s o c a r ­
b o x a zi d ,  t r a n y l c y p r o m i n e ,  and p h e n e l z i n e  1n the e x p e r i m e n t  
o u t l i n e d  in E x p e r i m e n t a l , S e c t i o n  VIII, y i e l d e d  r e s u lt s  
(R e s u l t s  and D i s c u s s i o n , S e c t i o n  IV) i n d i r e c t l y  in favor
V .
of the h y p o t h e s i s  tha t m o n o a m i n e  o x i d a s e  e n z y m e s  m i g h t  c o n ­
trol the f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  in the banana.
If the i n c r e a s e d  p r o d u c t i o n  of 5 - h y d r o x y t r y p t a m i n e  in 
t r e a t e d  peels a nd pulps o c c u r s  b e c a u s e  of the a c t i o n  of 
these i n h i b i t o r s ,  then 5 - h y d r o x y t r y p t a m i n e  l e v e l s  i n c r ea s e 
a b o v e  l e v e l s  of c o r r e s p o n d i n g  c o n t r o l s  b e c a u s e  the c o n ­
t r o l l i n g  e n z y m e  s y s t e m s  h a v e  been b l o c k e d ;  c o n s e q u e n t l y  
t h e s e  e n z y m e  s y s t e m s  are  of the o r d e r  of a m i n e  o x i d a s e s  
b e c a u s e  the i n h i b i t i n g  a c t i o n  is s p e c i f i c .
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C o n f i r m a t i o n  of these facts is n e c e ss a r y .  A s u g ­
g e s t e d  d i r e c t i o n  for f u t u r e  i n v e s t i g a t i o n  s hould c o n t e m ­
p l a t e  a c o m p a r i s o n  b e t w e e n  the d e g r e e  and s e q u e n c e  of s e ­
l e c t i v i t y  o f a c t i o n  of each i n h i b i t o r  as o b s e r v e d  in 
animal sys t em s ,  and the s e l e c t i v i t y  of a c t i o n  o c c u r r i n g  in 
the banana.
In c o n n e c t i o n  w i t h  the a b o v e  e x p e r i m e n t ,  and p a r e n ­
t h e t i c a l l y ,  it s hould be n o t e d  that use of these m o n o a m i n e  
o x i d a s e  I n h i b i t o r s  s h o w e d  no v i s i b l e  a c t i o n  (Fig. 18) in 
p r e v e n t i n g  b r o w ni n g  of the b a n a n a  skin ( U d e n f r i e n d  et a l ., 
1959).
The ef f e ct s  p r o d u c e d  by ethyl al c o ho l  on t r e a t e d  
b a n a na  p e e l s  and pulps could have w e l l - g r o u n d e d  i n t e r p r e ­
t a t i o n s  b a s e d  on c o n s i d e r a t i o n s  d r a w n  f r o m  a d i f f e r e n t  
c o ntext . In several c o u n t r i e s  w h e r e  p e o p l e  c o n s u m e  s u b ­
stantial a m o u n t s  of p l a n t a i n s  and b a n a n a s  there is a long 
e s t a b l i s h e d  p o p u l a r  b e l i e f  t h a t  p e r s o n s  w h i l e  i n d u l g i n g  in 
a l c o h o l i c  b e v e r a g e s  s h o u l d  r e f r a i n  f r o m  e a t i ng  bananas. 
S m i t h  and G i t l o w  (qu o te d  by Davis and W alsh, 1970) h a v e  
d e m o n s t r a t e d  that ethanol i n g e s t i o n  by m a n  inh i bi t s  the 
normal o x i d a t i v e  m e t a b o l i s m  of  the i n t e r m e d i a t e  a l d e h y d e  
p r o d u c e d  by d e a m i n a t i o n  of the c o r r e s p o n d i n g  b i o g e n i c  
a m i n e s  5 - h y d r o x y t r y p t a m i n e  a n d  n o r e p i n e p h r i n e .  The i n t e r ­
a c t i o n  of a l c o ho l ,  a m i n e s  and a l k a l o i d s  is c u r r e n t l y  the 
o b j e c t  of keen d e b a te s  on h y p o t h e s e s  f o r m u l a t e d  to e s t a b ­
lish a par a ll e l  b e t w e e n  phys ic a l  d e p e n d e n c e  of m o r p h i n e  
and ethanol (Davis and W alsh, 1970; D a v i s  et a l ., 1970;
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Wa l s h  et a l . t 1970; S e e v e r s  et a l .. 1970). P r e l i m i n a r y  
tests on d e s i c c a t e d  b a n a n a  skins (E x p e r i m e n t a l , S e c t i o n  X) 
y i e l d e d  q u a l i t a t i v e  p o s i t i v e  r esults. I n t e r a c t i o n  of 
ethyl a lcohol and b a n a n a  skins p r o d u c e d  a q u i c k  and c o m ­
plete d a r k e n i n g  of the skin (Fig. 18). L e v e l s  of 5- 
h y d r o x y t r y p t a m i n e  were s u b s t a n t i a l l y  i n c r e a s e d  with r e s p e c t  
to l e v e ls  o b t a i n e d  f r o m  c o n t r o l s  (Fig. 19).
F u r t h e r  s t u d i e s  on t h e s e  I n t e r a c t i o n s  o c c u r r i n g  in 
b a n a n a  s kin c o u l d  d e v e l o p  into b i o c h e m i c a l  m o d e l s  w h i c h  
m i g h t  be useful in u n d e r s t a n d i n g  p h e n o m e n a  r e l a t e d  to s i m i ­
lar i n t e r a c t i o n s  in man.
S U M M A R Y
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1. C o l o r i m e t r i c ,  f l u o r o m e t r l c  and c h r o m a t o g r a p h i c  
t e c h n i q u e s  w e r e  e m p l o y e d  to e s t a b l i s h  the i d e n t i t y  of 5- 
h y d r o x y t r y p t a m i n e  as it o c c u r s  n a t u r a l l y  in the ba n a na , 
c o m p a r e d  to s t a n d a r d s  of 5 - h y d r o x y t r y p t a m i n e  as the 
c r e a t i n i n e  s u l f a t e  c o m p le x .  E v i d e n c e  o b t a i n e d  by t h e s e  
tests w e r e  in f a v o r  of a p o s i t i v e  c o m p a r a b i l i t y .
2. A n a l y s e s  of the p r e s e n c e  and c o n c e n t r a t i o n  of 
5 - h y d r o x y t r y p t a m i n e  in b a n a na  p r o d u c t s  w e r e  a c c o m p l i s h e d .  
A s s e s s m e n t  of the a c c u r a c y  u s i n g  two a n a l y t i c a l  m e t h o d s  
y i e l d e d  a n a l o g o u s  res u lt s .  A high r e g r e s s i o n  c o e f f i c i e n t  
(r = 0.99) d e m o n s t r a t e d  a n e a r l y  c o m p l e t e  c o r r e s p o n d e n c e  
b e t w e e n  c o l o r i m e t r i c  a n d  f l u o r o m e t r i c  p r o c ed u r e s .
3. The e f f e c t s  of p o t e n t l o m e t r i c  and r e s p i r a t o r y  
m e c h a n i s m s  on 5 - h y d r o x y t r y p t a m i n e  f o r m a t i o n  w e r e  e x a m i n e d  
by m e a n s  of p r o g r a m m e d  m u l t i p l e  r e g r e s s i o n  a n a l y s e s .  R e ­
sults s h o w e d  t h a t  f a c t o r s  a f f e c t i n g  5 - h y d r o x y t r y p t a m i n e  
c o n t e n t  are m o r e  n u m e r o u s  1n th e b a n a n a  pulp than in the 
peel. L a b o r a t o r y  data c l e a r l y  I n d i c a t e d  the o verall p r e ­
d o m i n a n c e  of 5 - h y d r o x y t r y p t a m i n e  f o r m a t i o n  in the peel.
4. C a t a l y t i c  a c t i v i t y  of  the cell p a r t i c u l a t e  f r a c ­
tions f r o m  b a n a n a  peel and p u l p  was m e a s u r e d  us ing 5- 
h y d r o x y t r y p t a m l n e  and 4 - h y d r o x y p h e n e t h y l a m i n e  as s u b ­
s t r a te s .  A r e l a t i v e  c o n s t a n c y  d u r i n g  p r e c l i m a c t e r i c ,  
c l i m a c t e r i c ,  a n d  p o s t c l i m a c t e r i c  s t a t e s  was observ e d .
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5. It was d e m o n s t r a t e d  that se v e ra l  m a m m al  m o n o ­
a m i n e  o x i d a s e  i n h i b i t o r s  and ethyl alc o ho l  e f f e c t  11 in v i v o 11 
the f o r m a t i o n  of 5 - h y d r o x y t r y p t a m i n e  1n the pulp and peel 
of c l i m a c t e r i c  b a n a na s .  The I n t e n s i t y  of the a b i l i t y  of 
t h e s e  i n h i b i t o r s  to s t i m u l a t e  the p r o d u c t i o n  of 5 - h y d r o x y ­
t r y p t a m i n e  was d e p e n d e n t  on l e v e l s  o f  c o n c e n t r a t i o n  and 
s e l e c t i v i t y  of a ction.
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A m i n o  acid
T a b l e  1-A
p r o f i l e  of b a n a n a , M u s a spp.
C C * 1
A * 3 B * 4
M * 2
A * 3 B * 4
Alani ne 275 50 — _
Argi ni ne 469 84 256 -
A s p a r t i c  acid 656 118 - -
C y s t l n e 169 30 - -
G l u t a m i c  a cid 575 104 - -
G l y c i n e 263 47 - -
H i s t i d i n e 469 84 281 -
I s o l e u d n e 181 32 319 -
L e u c i n e 294 53 338 -
L y s i n e 256 46 282 -
M e t h i o n i n e 125 22 41 -
P h e n y l a l a n i n e 244 44 281 -
P r o l 1ne 256 46 - -
S e r i n e 244 44 - -
T h r e o n i n e 213 38 169 -
T r y p t o p h a n - - 74 13
Tyrosi ne 163 29 - -
V a l i n e 250 45 275 -
*1 C h r o m a t o g r a p h i c  m e t h o d  
*2 M i c r o b i o l o g i c a l  m e t h o d  
*3 m g / g  total n i t r o g e n
*4 m g / 1 0 0  g e d i b l e  p o r t i o n  ( A d a pt e d  from: A m i n oacid c o n t e n t  of foods. FAO, 1970).
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T a b l e  2-A
Q u a n t i t i e s  of 5 - h y d r o x y t r y p t a m i n e  n e e d ed f o r  p r e c i s e  m e a s u r e m e n t s  by v a r i o u s  a n a l y t i c a l  m e t h o d s *
M e t h o d Total 5-HT requi red
( y g )
C o l o r i m e t r i c  (1- n l t r o s o - 2 - n a p h t h o l ) 10
S p e c t r o f l u o r o m e t r l c 0.5 - 2.0
P h a r m a c o l o g i c a l  (rat u t e r u s ) 0.05 - 0.1
P h a r m a c o l o g i c a l  (rat s t o m a c h ) 0.001 - 0 . 0 0 2
P h a r m a c o l o g i c a l  (clam h e a r t) 0.01 - 0.1
* T h e  q u a n t i t i e s  s h o w n  are t h o s e  n e e d e d  for o r d i n a r y  m a n i p u l a t i o n s .  If special a p p a r a t u s  and t e c h n i q u e s  a d a p t e d  for  small v o l u m e s  are e m p l o y e d ,  the a m o u n t s  r e ­q u i r e d  c an be r e d u c e d  by a p p r o p r i a t e  d i l u t i o n s .
Table 3-A
Values on 5 - h y d r o x y t r y p t a m i n e  c o n t e n t  in b anana r e p o rt e d  in the l i t e r a t u r e(Numbers refer to ug/g)
Stage of ripeness Entire peel O u ter peel Inner peel Pul p Refere n c e s
U n d e r- r i p e  fruit - 0.1 0.2 25.0 West, 1958
1.07 - - 16.0 M a rshal l, 1959
- 74.0 13.0 24.0 U d e n f r i e n d  et al., 1959
17.00 - - 49.0 Foy and Parratt, 1960
Ripe fruit 65.00 - - 28.0 Waalkes et a l ., 1958
- 52.0 40.0 19.0 West, 1958
- 96.0 38.0 36.0 U d e n fr i e n d  et al., 1959
41.3 - - 56.7 Foy and Parratt, 1960
O v e r -r i p e  fruit - 39.0 30.0 22.0 West, 1958
- 161.0 170.1 35.0 U d e n f r i e n d  et al., 1959
5.6 - - 12.0 Foy and Parratt, 1960
Table 4-A
Data on 5 - h y d r o x y t r y p t a m 1 n e  f o r m a t i o n  in bananas t reated with m o n o a m i n e  o x i d as e  inhibit ors
(0 T r e a t m e n t3  (SI T3 Id•I- c>  id Control I Control II Iso c ar b o x a z i d1- c ■o id 10 mg 50 mg 100 mgC  -QM Peel Pulp Peel Pul p Peel Pul p Peel Pul p Peel Pulp
1 7 8 . 6 1 * 78.61 63.39 56.47 93.42 70.03 107.95 154.04 128.72 2 0 0.69
2 81.66 58.68 42.90 74.46 116.25 70.59 118.75 161.94 131.48 2 05 .88
3 59.2 63.37 57.10 41.78 78.34 71.30 119.08 152.92 135.8 2 00.20
4 65.88 47.47 51.53 65.88 64.76 68.24 108.63 150.42 146.24 194.98
5 78.61 40.24 66.62 73.82 113.26 63.96 115.92 160.89 148.23 199.86
6 79.97 55.03 73.55 49.3 115.92 66.75 100.33 154.5 157.22 196.54
7 68.72 80.77 65.02 64.61 94.73 69.81 108.83 154.62 110.54 2 0 5 . 34
8 71.18 54.76 57.77 44.49 100.62 68.45 104.72 150.31 107.80 177.96
9 76.58 70.52 56.47 55.37 91.6 72.04 147.38 147.10 119.91 2 1 0 . 05
10 78.79 67.77 54.41 43.39 95.32 74.38 138.84 146.28 118.8 1 99.72
11 80.4 56.40 79.33 40.00 96.0 74.0 114.99 164.00 136.67 173.33
♦Values r e p r e s e n t  ug/g.
Table 4-A (cont'd.)
ia3 V)
•a at t- c
T r e a t m e n t
T r a n y l c y p r o m l n e Ethyl alcohol>  <8 i- C 
Tt ra 50 mg 100 mg 200 mg 50% 95%c ja•—I Peel Pul p Peel Pul p Peel Pulp Peel Pul p Peel Pul p
1 210.72 66.43 283.73 87.2 548.08 148.78 305.19 73.35 436.81 98.27
2 164.7 59.51 326.64 93.42 570.93 140.14 317.65 78.89 426.68 103.11
3 258.36 62.67 341.22 101.74 4 8 2 . 5 8 136.84 438.71 72.84 4 76.32 97.91
4 277.85 62.39 355.15 98.61 4 51.94 133.00 4 44.98 73.82 493.03 102.23
5 220.12 67.95 279.81 97.93 595.8 157.22 263.81 73.82 415.72 102.86
6 209.86 71.02 299.8 94.94 619.24 149.9 224.38 76.21 439.4 103.93
7 196.43 69.81 308.0 93.02 534.56 161.88 266.12 73.92 436.96 82.13
8 189.25 71.46 323.06 96.92 555.64 155.72 289.52 79.12 472.27 101.98
9 179.33 68.87 278.92 96.7 531.06 152.2 291.32 71.62 4 1 3.22 108.81





40.27 305.33 94.4 586.66 151.66 315.00 80.0 458.4 121.6
Table 4-A (cont'd.)
T r e a t m e n t
3  in 
•a to T* c
P h e n el z i n e
>  idi- c 75 mq 150 mg 200 mqC  -Q *—« Peel Pulp Peel Pulp Peel Pul p
1 94.81 71.97 209.27 80.28 2 25.88 149.47
2 107.96 73.63 227.68 88.58 241.66 168.16
3 96.10 68.66 122.56 84.12 135.78 139.76
4 95.5 66.15 167.13 87.18 153.9 156.68
5 100.2 76.35 219.18 89.27 179.88 1 73.88
6 97.27 76.35 228.5 91.14 248.63 188.87
7 102.94 67.35 133.67 88.98 232.44 1 72.48
8 98.7 72.96 139.90 84.87 244.75 173.71
9 101.1 64.74 121.97 85.40 185.94 167.35
10 71.9 62.81 142.21 92.00 206.6 161.16
11 92.0 78.4 220.26 92.0 248.0 175.2
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T a b l e  5-A
O x y g e n  up t a ke ,  pH, and 5 - h y d r o x y t r y p t a m i n e  c o n t e n t  of r i p e n i n g  b a n a n a  f r u i t  d u r i n g  s i x t e e n  days at 27°C w i t h o u t  r i p e n i n g  s t i m u l u s
DayNo.
O x y g e n  uptake, ml/g 
24 hours a c c u m u l a t e d
pHPeel Pulp 5 - H T , " P e e T Pul p
I 3 . 1 6 8 3 . 1 6 8 5.4 5.7 20.1 30.5
II 3 . 7 4 4 6 . 9 1 2 5.4 5.7 24.9 35.2
III 5 . 1 8 4 1 2 . 0 96 5.4 5.7 26.7 40.0
IV 5 . 4 7 2 1 7 . 5 6 8 5.6 5.7 36.0 39.0
V 5.717 2 3 . 2 8 5 5.2 5.7 4 3 . 4 43.7
VI 6 . 0 4 8 2 9 . 3 3 3 5.0 5.5 4 4 . 8 4 4 .0
VII 6 . 3 3 6 3 5 . 6 6 9 4.7 5.5 50.5 4 4 . 8
VIII 8 . 9 2 8 4 4 . 9 5 7 5.2 4.6 52.8 3 7 . 5
IX 3 . 8 4 5 4 8 . 4 4 2 5.8 5.4 6 0 . 2 3 2 . 4
X 3 . 6 2 9 52.071 5.8 5.4 72.0 29.0
XI 3 . 4 7 0 55.541 6.0 5.2 72.7 31.0
XII 3 . 1 9 7 5 8 . 7 3 8 6.2 5.2 84.0 27.0
XIII 2.506 6 1 . 2 4 4 6.2 5.3 8 7 . 5 25.0
XIV 2 . 160 6 3 . 4 0 4 6.2 5.5 88.0 23.0
XV 1.469 6 4 . 8 7 3 7.0 5.7 92.0 30.0
XVI 0 . 9 6 5 6 5 . 8 3 8 7.0 6.7 95.0 31.0
i
V I T A
VITA
Ga s t on  V e t t o r a z z l  was born  on F e b r u a r y  5, 1928, in 
the n o r t h e r n  I t a l i a n  c i t y  of T r e n t o  and t h e r e  r e c e i v e d  his 
p r i m a r y  and s e c o n d a r y  e d u c a t i o n  in the p u b l ic  schools. In 
1 9 4 8  he m a t r i c u l a t e d  in the " I s t i t u t o  F i l o s o f i c o  di Studi 
S u p e r i o r i "  e " Scuola di M e d i c i n a  e C h i r u r g l a  "UMMI" p r e s so  
I'Universittf di M i l a n o . "  A f t e r  his g r a d u a t i o n  in 1953 and 
an i n t e n s i v e  t r a i n i n g  in the S p a n i s h  l a n g u a g e  at San S e b a s ­
tian, S pain, he w e n t  to S o u t h  A m e r i c a  w h e r e  for five y e a r s  
he p a r t i c i p a t e d  1n m e d i c a l ,  educational, and social w o r k  
s p o n s o r e d  by the g o v e r n m e n t  o f  Ecuador. In 1957 he r e ­
c e i v e d  an a p p o i n t m e n t  as s u p e r i n t e n d e n t  of the C o l e gi o  
S a g r a d o  C o r a z d n ,  a l a r g e  high school in E s m e r a l d a s ,  E c u a ­
dor. In 1961 he j o i n e d  the f a c u l t y  of the A m e r i c a n  C o m ­
m u n i t y  School in Sao P aulo, Bra z il .  T h e r e  he t aught b i o ­
logical s c i e n c e s ;  in 1967 he was e l e c t e d  p r e s i d e n t  of the 
s c h o o l ' s  F a c u l t y  A s s o c i a t i o n ;  in 1968 he b e c a m e  c h a i r m a n  
of the S c i e n c e  D e p a r t m e n t .  In 1969 he u n d e r t o o k  g r a d u a t e  
w o r k  at L o u i s i a n a  S t a t e  U n i v e r s i t y ,  USA, f r o m  w h i c h  he 
r e c e i v e d  his M a s t e r  of S c i e n c e  d e g r e e ,  w i t h  a m a j o r  in 
food s c i e n c e ,  in 1970. He c o n t i n u e d  his s t u d ie s  at L o u i s i ­
ana S t a t e  U n i v e r s i t y  w h e r e ,  m a j o r i n g  in food s c i e n c e  and 
m i n o r l n g  in d a i r y  p h y s i o l o g y ,  he is p r e s e n t l y  a c a n d i d a t e  





EXAMINATION AND THESIS REPORT
Gaston Vettorazzi
Food Science
The Formation and Enzymatic Oxidation of 5-Hydroxytryptamine 
in Musa spp.
Approved:
Kliiut$ULi  ?. Ylcam Jfe-.
Major Professor and Chairman
Dean of the Graduate School
EXAMINING COMMITTEE:
^fY\.
Date of Examination: 
November 3t 1971
